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ABSTRACT  
   
  Infertility has become an increasing problem in developed countries and in 
many cases can be attributed to compromised sperm quality.  Assessment of male 
fertility typically utilizes semen analysis which mainly examines sperm morphology, 
however many males whose sperm appear normal are sub- or infertile, suggesting 
that sperm from these males may be deficient in a protein or suite of proteins.  To 
date, very little is known about the composition of sperm or the complex maturation 
process that confers motility and fertilization competency to sperm. 
 Chapter 1 discusses the use of whole cell mass spectrometry to identify 1247 
proteins comprising the Rhesus macaque (Macaca mulatta) sperm proteome, a 
commonly used model of human reproduction.  This study provides a more robust 
proxy of human sperm composition than was previously available and facilitates 
studies of sperm using the rhesus macaque as a model. 
 Chapters 2 & 3 provide a systems level overview of changes in sperm 
proteome composition that occurs during epididymal transit.  Chapter 2 reports the 
proteomes of sperm collected from the caput, corpus and cauda segments of the 
mouse epididymis, identifying 1536, 1720 and 1234 proteins respectively.  Chapter 3 
reports the sperm proteome from four distinct segments of the Rhesus macaque 
epididymis, including the caput, proximal corpus, distal corpus and cauda, identifying 
1951, 2014, 1764 and 1423 proteins respectively. These studies identify a number of 
proteins that are added and removed from sperm during epididymal transit which 
likely play an important role in the sperm maturation process. 
 To date no comparative evolutionary studies of sperm proteomes have been 
undertaken.  Chapter 4 compares four mammalian sperm proteomes including the 
human, macaque, mouse and rat.  This study identified 98 proteins common to all 
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four sperm proteomes, 82 primate and 90 rodent lineage-specific proteins and 494, 
467, 566, and 193 species specific proteins in the human, macaque, mouse and rat 
sperm proteomes respectively and discusses how differences in sperm composition 
may ultimately lead to functional differences across species. 
Finally, chapter 5 uses sperm proteome data to inform the preliminary design of a 
rodent contraceptive vaccine delivered orally using recombinant attenuated 
Salmonella vaccine vectors. 
iii 
DEDICATION  
   
I am forever grateful to my family, in particular my parents, John and Janet, for 
continuously supporting me in countless ways throughout my academic endeavors.   
 
I owe much of my success to my colleague, best friend, and husband Andrew Larsen 
who has supported me in more ways than I will ever realize.  I am honored to share 
my academic and life journey with you. 
 
I would like to dedicate this work to my dear friend Deanna Marguerite O’Neill, 
whose memory motivates me to strive for excellence and makes me truly grateful for 
the many opportunities I have been afforded. 
iv 
ACKNOWLEDGMENTS  
   
I would like to first and foremost thank my advisor, Dr. Timothy Karr, for 
being both an exceptional mentor and friend.  I will be forever grateful for the 
opportunity to explore and pursue my personal research interests and learn both 
from and with you.  I would like to acknowledge my committee members Dr. Kathryn 
Sykes, Dr. Konstantinos Petritis, and Dr. Douglas Lake for their guidance. 
I also owe significant gratitude to our many collaborators for supporting 
various aspects of my dissertation research.  First and foremost, I would like to 
thank all the staff at the Translational Genomic Research Institute (TGen) Center for 
Proteomics, especially Dr. Konstantinos Petritis and Dr. Matthew Rosenow whose 
mentorship and support made much of my dissertation research possible.  I would 
also like to thank Dr. Steve Dorus (Syracuse University) for his ongoing advice and 
contributions to data analysis and manuscript preparation.  I also owe much 
gratitude to all of the members of CIDV (Center for Infectious Disease and 
Vaccinology), particularly Dr. Roy Curtiss III, Dr. Praveen Alamuri, Dr. Kenneth 
Roland and Jacki Kilbourne for their patience, mentorship and support of our 
collaborative research project, which was truly a unique opportunity. 
I would like to thank the Biological Design Graduate Program for the 
opportunity to study abroad and, in particular, thank Maria Hanlin and Laura Hawes 
for providing outstanding administrative support.  I would also like to thank my 
peers and their significant others for their friendship and for both challenging and 
supporting me throughout this journey.  Finally, I would like to thank Science 
Foundation Arizona for fellowship support towards my doctoral studies, as well as the 
Graduate & Professional Student’s Association at Arizona State University for travel 
awards which significantly enhanced my education. 
v 
TABLE OF CONTENTS  
         Page 
LIST OF TABLES ................................................................................................ vii  
LIST OF FIGURES ...............................................................................................viii  
CHAPTER 
1    The rhesus macaque sperm proteome ................................................. 5  
Introduction .................................................................................... 5  
Experimental procedures .................................................................. 8  
Results ......................................................................................... 16  
Discussion .................................................................................... 35  
2    Sperm proteome maturation in the mouse epididymis .........................  46  
Introduction .................................................................................. 46  
Experimental procedures ................................................................ 48  
Results ......................................................................................... 54  
Discussion .................................................................................... 70  
3    Sperm proteome maturation in the macaque epididymis......................  76  
Introduction .................................................................................. 76  
Experimental procedures ................................................................ 78  
Results ......................................................................................... 84  
Discussion .................................................................................. 101  
4    Comparative analysis of mammalian sperm proteomes......................  107  
Introduction ................................................................................ 107  
Experimental procedures .............................................................. 110  
Results ....................................................................................... 113  






5    Developing a contraceptive vaccine for use in rodents .......................  132  
Introduction ................................................................................ 132  
Experimental procedures .............................................................. 136  
Results ....................................................................................... 148  
Discussion .................................................................................. 167 
REFERENCES  .................................................................................................  172 
APPENDIX  
A      Supplemental materials for chapter 1  ...........................................  183  
B      Supplemental materials for chapter 2  ...........................................  227  
C      Supplemental materials for chapter 3  ...........................................  323  
D      Supplemental materials for chapter 4  ...........................................  486 
E      Supplemental materials for chapter 5  ...........................................  513  
  
vii 
LIST OF TABLES 
Table Page 
1.1     Summary of MacaqueSP MS Results  ......................................................  17 
1.2     Top 20 abundant macaque sperm proteins by spectral counts  ..................  19 
1.3     Macaque sperm proteins with mammalian sperm phenotypes  ...................  21 
1.4     GO analysis of overexpressed macaque sperm genes  ..............................  32 
2.1     Summary of mouse epididymal SP results  ............................................... 54 
2.2     Top 20 proteins in the mouse epididymal SP by spectral count  .................  57 
2.3     Caput, corpus and cauda proteins with sperm phenotypes ........................  60 
2.4     Enriched GO BP terms in the list of added and removed proteins  ............... 67 
2.5     The β-defensins in the mouse epididymal sperm proteome  .......................  70 
3.1     Summary of macaque epididiymal SP results  ..........................................  84 
3.2     Top 20 proteins in the macaque epididymal SP by spectral count ................ 88 
3.3     Macaque epididymal sperm proteins with sperm phenotypes  ....................  95 
3.4     Comparison of macaque and mouse epididymal SP  ..................................  99 
4.1     Overview of mammalian sperm proteomes  ...........................................  114 
4.2     Core, lineage and species specific sperm proteins  ..................................  116 
5.1     Candidate sperm proteins and their known function in sperm  .................  138 
5.2     Overview of mice used in immunization experiment................................  144 
5.3     Overview of immunization experiment ..................................................  144 
5.4     Summary of results from necropsy 1  ...................................................  159 
5.5     Summary of results from necropsy 2  ...................................................  161 




LIST OF FIGURES 
Figure Page 
1.1     Sperm purification and overview of proteomics analyses  ..........................  17 
1.2     GO MF analysis for the MacSP and whole proteome  .................................  23 
1.3     GO BP network for macaque/mouse/human SP overlap  ...........................  26 
1.4     Phylogenetic analysis of macaque ADAM-like proteins  ..............................  28 
1.5     Fold change distribution of macaque sperm genes  ...................................  31 
1.6     MF network for genes under- or overexpressed in the testis ......................  34 
1.7     Macaque sperm proteins in the 26S proteasome  .....................................  40 
2.1     SP from three major regions of the mouse epididymis  .............................  55 
2.2     BP  network of added versus removed proteins ........................................  66 
2.3     Immune system process diagram of the caput versus cauda SP  ................  69 
3.1     Overview of MS results from the macaque epididymal SP  .........................  86 
3.2     GO BP network comparing the macaque epididymal SPs  ..........................  89 
3.3     GO MF network comparing the macaque epididymal SPs ...........................  98 
3.4     Overlap of the macaque and mouse epididymal SPs  ..............................  100 
4.1     Functional analysis of the coreSP  .........................................................  118 
4.2     Functional comparision of lineage specific proteins  ................................  120 
4.3     Functional analysis of species specific proteins  ......................................  122 
5.1     Process flow showing methodology for detecting 14 CSPs  ......................  137 
5.2     Strategy to generate inserts for Salmonella vaccine vectors  ...................  139 
5.3     Salmonella lysis vector pYA5196  .........................................................  141 
5.4     Agarose gels depicting various steps of vector construction  ....................  149 
5.5     Colony PCR of E.coli χ6212 transformants  ............................................  150 
5.6     Western blot to assay CSP expression  ..................................................  152 
5.7     Western blot and SDS-PAGE gel for MS analysis of proteins  ....................  154 
ix 
Figure Page 
5.8     MS results for IZUMO1, LRRC18 and ROPN1 products  ............................  155 
5.9     Necropsy 1 colony PCR results .............................................................  158 
5.10   Necropsy 2 colony PCR results ..............................................................  160 
5.11   Western blot results from immunization experiment  ..............................  163 




The infertility rate in developed countries has been increasing and impacts 
approximately 15% of couples trying to conceive [1].  In 20% of these cases, 
infertility can be directly attributed to a male factor, while in an additional 40% of 
infertility cases a male factor is thought to contribute [1].  These statistics indicate 
that over half of all infertility cases can be attributed either completely or party to 
some male factor [2].  Male factor infertility is currently assessed by semen analysis, 
which is useful for identifying reduced numbers, deformation, or motility impairment 
of spermatozoa [1].  However, up to 40% of males who appear to have normal 
sperm as determined by these analyses are sub- or infertile, a condition generally 
referred to as idiopathic infertility [3].  This suggests that the sperm from these 
males are deficient in some other factor, such as a protein or suite of proteins, which 
confer fertilization competency.  However to date, very few of these factors have 
been identified. 
Sperm mature and gain fertilization competency as they traverse a 
specialized duct called the epididymis.  When sperm leave the testis and enter the 
epididymis, they are immature and incapable of fertilization.  It is only after 
emerging from the epididymis that sperm are motile and considered fertilization 
competent.  During the maturation process, sperm lose or modify a number of their 
surface proteins and gain additional transient or permanent surface proteins in a 
well-organized manner [3,4].  Thus, it is important to understand the composition of 
mature sperm, as well as the molecular mechanisms responsible for the maturation 
process [5].   
Sperm, while serving a crucial function, represent a relatively “simple” cell 
type and have been shown to contain only a fraction of the number of proteins as a 
somatic cell.  For this reason, sperm represent one of the only cell types that are 
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amenable to whole cell proteomic analysis.  Whole cell proteomics is extremely 
challenging due to the complexity of most cells because detection of low abundance 
proteins is often masked by the presence of many highly expressed proteins.  
Obtaining the whole cell proteome is essential to allow us to understand the 
composition of normal, mature sperm and potentially move to more robust, 
molecular level analyses of sperm quality. 
The first chapter of this dissertation aims to understand the proteomic 
composition of mature sperm collected from the cauda epididymis of the Rhesus 
macaque (Macaca mulatta).  A great deal of fertility research is conducted using the 
macaque and will directly benefit from an increased understanding of the sperm 
proteome.  Further, because the Rhesus macaque is genetically and physiologically 
similar to humans [6], understanding the composition of macaque sperm will 
increase our understanding of human sperm.  To date, an adequate analysis of the 
human sperm proteome is lacking due to the invasiveness of sample collection and 
the inability to obtain a significant number of human samples.   
The second and third chapters of this dissertation aim to understand how the 
sperm proteome changes as sperm mature along the length of the epididymis, using 
the mouse (Mus musculus) and Rhesus macaque as a model system.  Although 
studies have been undertaken to characterize the mouse sperm proteome (from 
mature sperm) [7] as well as the mouse epididymal transcriptome [8], there is 
currently no proteomic data sampling sperm from various segments of the mouse 
epididymis. These studies will provide a systems level overview of how the sperm 
proteome changes during maturation in the epididymis. 
These studies will provide a better understanding of the proteins that 
comprise mature sperm, as well as information about which proteins are added or 
removed from sperm during the maturation process and where this occurs in the 
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epididymis.  In the future, this information can be leveraged to determine what 
proteins are missing from sperm obtained from men exhibiting male factor infertility.  
Such knowledge can aid in designing better fertility treatments, and potentially allow 
us to restore the fertilization capacity of sperm.  These treatments would help lower 
the number of in vitro fertilization treatments performed yearly and, in tandem, 
reduce the financial and emotional costs that such treatments inflict on individuals 
[9].  Further, analyzing sperm at the molecular level, rather than simply looking at 
morphological defects represents a fundamental shift in the way that male factor 
infertility is assessed.   
The fourth chapter of this dissertation discusses a comparative analysis of 
four mammalian sperm proteomes, including the human, macaque, mouse and rat.  
Comparative analyses of sperm proteomes is challenging due to several differences 
across studies including sample preparation, MS equipment and resulting protein 
coverage, as well as the database used to report the resulting proteome.  Despite 
these challenges, this study identified a number of common, lineage specific, and 
species specific sperm proteins and provides a solid foundation for further analyses 
to better understand the unique evolutionary trajectory of sperm from different 
species and provide insight as to the origins of sperm.  
Knowledge of the composition of sperm from a number of species can help us 
design novel contraceptives for both males and females.  While there has been 
considerable work in this field [10], no single candidate has been shown to 
completely inhibit fertility.  Understanding the proteins that are required for normal 
sperm function may allow the design of targeted male contraceptives which disrupt 
the sperm maturation process and induce male infertility.  As such, the fifth chapter 
of this dissertation discusses using what is known about the mouse sperm proteome 
to select vaccine candidates, develop recombinant attenuated Salmonella vaccine 
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vectors, and test their contraceptive potential for use in an oral rodent contraceptive 
vaccine.  This study demonstrates that knowledge of critical sperm proteins can be 
applied to help identify vaccine candidates which, upon immunization, inhibit fertility 
either in males or females.  Overall, these studies will provide a thorough 
understanding of the composition of mature sperm and the maturation process and 
may open new avenues for the molecular diagnosis of male infertility, development 
of pharmaceutical products to reverse male infertility and development of novel male 
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Introduction 
 The application of mass spectrometry (MS) based proteomics, coupled with 
whole genome annotation of an increasing number of species, has greatly extended 
our knowledge of sperm composition.  Traditional methods used to assess sperm 
composition, including the use of sperm-specific antibodies and 2D gel 
electrophoresis, have identified a limited number of sperm proteins.  These 
traditional studies have been augmented in recent years by the use of high 
throughput and highly sensitive MS (shotgun proteomics) that have substantially 
increased the accuracy of peptide identification, resulting in a significant increase in 
proteome coverage.  Indeed, advances in MS instrumentation, data acquisition and 
the availability of genome annotations have, for example, increased sperm proteome 
coverage in Drosophila from 381 [11] to 1108 proteins [12] over a five year period. 
 Two main MS based methodologies have been applied to study sperm 
composition, including (i) 2D PAGE followed by spot excision and MS and (ii) 
digestion of proteins, followed by MS/MS analysis of the resulting peptides [13].  
While each method has its own advantages and disadvantages, a far greater level of 
proteome coverage is obtained using MS/MS [14].  A previous comparative study 
found that each method identified proteins not found in the other and vice versa, and 
therefore it has been suggested that these methods should be used to complement 
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each other [15].  Thus, while no single methodology yet exists capable of producing 
a complete whole cell proteome, MS/MS methods provide deeper and broader 
coverage and are therefore the current method of choice.  Shotgun proteomics has 
characterized sperm proteomes in a variety of taxa including plants, invertebrates 
and mammals such as human, mouse, rat, and bull [7,13,16–20].  These studies 
achieve varying levels of proteome coverage as a result of several factors including 
the choice of MS equipment, sample acquisition, purification, solubilization and 
fractionation schemes.  Although these different approaches make direct 
comparisons difficult they nevertheless have provided invaluable information 
regarding the composition of sperm and have helped to identify novel proteins that 
play important roles in sperm function and reproduction. 
 In this study we use MS based proteomics to elucidate the sperm proteome of 
a species of old world monkey, the Rhesus macaque (Macaca mulatta).  Due 
primarily to their genetic and physiological similarities to humans, Rhesus macaques 
are the most widely used nonhuman primate model system for basic and applied 
biomedical research [6].  Rhesus macaques are also used extensively as a model of 
human reproduction where numerous similarities at the molecular level have been 
observed between gametes of the two species, and why Rhesus macaques have 
become a useful model system for fertility and assisted reproductive technology 
research [21].  A more complete knowledge of the sperm proteome will facilitate 
reproductive studies using the Rhesus macaque as a model organism.  However, 
despite its widespread use in reproductive biology, the macaque sperm proteome 
(MacSP) has yet to be characterized.   
 While insight into the MacSP will facilitate reproductive studies using the 
Rhesus macaque as a model organism, this knowledge can also be used to better 
understand the composition of human sperm.  Sperm mature and gain fertilization 
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competency as they traverse the epididymis, a specialized duct that connects the 
testis to the vas deferens [22]. During the maturation process, sperm lose or modify 
a number of their surface proteins and gain additional transient or permanent 
surface proteins in a well-organized manner, and it is only after emerging from the 
cauda epididymis that sperm are motile and considered fertilization competent 
[22,23]. 
 Proteomic studies of human sperm have been undertaken [13,18,19], 
identifying between 98-1760 sperm proteins, however these studies utilized sperm 
from ejaculates which complicates sperm proteome analysis.  A previous study 
identified 923 proteins present in human seminal plasma [24], which is likely to be 
only a fraction of the seminal plasma proteome.  Human sperm proteome datasets 
derived from human ejaculates makes it difficult to differentiate which of the 
identified proteins are sperm or seminal plasma constituents. For example, a major 
seminal protein family, the semenogelins are not expressed in the testis but are 
found in sperm proteomes determined from ejaculates [18,19].  Such highly 
abundant seminal proteins may mask lower abundance integral sperm proteins and 
inhibit their identification by MS.  In order to avoid these problems, we collected 
mature sperm directly from the cauda epididymis of the Rhesus macaque, thus 
avoiding contamination from seminal plasma proteins.   
 In the present study, sperm proteins were separated using 1D SDS-PAGE, 
digested and the resulting peptides analyzed by LC MS/MS.  Using high stringency 
parameters for peptide identification, we conservatively identified 1247 proteins from 
purified samples of Rhesus macaque sperm.  Given their close evolutionary 
relationship, the Rhesus macaque and human share 93% nucleotide homology [6].  
Data from this study can be used to complement what is currently known about the 
composition of human sperm and provides a more useful proxy of human sperm 
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proteome composition than the proteomes of other non-primate mammals for which 
data is available.  Studies of sperm composition, especially those in human, can be 
applied to develop novel molecular based clinical diagnostic tests of sperm quality, 
which is currently limited to evaluating parameters such as sperm count, morphology 
and motility.  In addition, knowledge of sperm components can lead to the discovery 
of novel contraceptives and infertility treatments. 
Experimental Procedures 
Tissue preparation and isolation of mature sperm   
 Intact epididymides were harvested from two euthanized adult macaques 
(Macaca mulatta) that had previously been used for a series of neurophysiological 
experiments.  Each animal was euthanized and tissue processed successively over a 
two day period and stored in PBS at 4°C until used.  Each intact epididymis was 
removed and both proximal and distal ends ligated. All procedures were approved by 
the Institutional Animal Care and Use Committee of Northwestern University. 
 Mature and motile sperm were collected from the cauda epididymis by needle 
puncture and collected in 50ml conical centrifuge tubes.  Sperm pellets were 
obtained by differential low speed centrifugations using a tabletop centrifuge 
(Sorvall).  Purified sperm samples were obtained by repeated cycles of centrifugation 
and pellet resuspension in standard Ringers solution.  Following each pellet 
resuspension, sperm purity was assessed using a DNA-based fluorescence assay.  
Equal 5µl aliquots of sperm were mounted on a microscope slide along with an equal 
volume of PBS containing 1.0µg/ml of 4',6-diamidino-2-phenylindole (DAPI; 
Invitrogen) and subsequently examined using a Zeiss Axioskop equipped with DIC 
and epifluorescence optics (Figure 1.1A).  Digital images captured with an onboard 
ccd camera and exported to Photoshop. 
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Protein Solubilization and Quantitation 
 Sperm samples were solubilized in SDS and quantified using the EZQ® 
Protein Quantitation Kit (Invitrogen, Inc).  Protein fluorescence was measured using 
a Typhoon Trio+ (Amersham Biosciences/GE Healthcare) equipped with a 488nm 
laser and 610nm bandpass filter.  ImageQuant™ TL software was used to analyze 
fluorescence data.  A standard curve was generated using fluorescence data from 
control samples of known concentration and used to determine sperm sample 
concentration.  
1-Dimensional SDS-PAGE 
 A 1mm 10% NuPAGE® Novex® Bis-Tris Mini Gel was set up using the XCell 
SureLock Mini-Cell system (Invitrogen) as per manufacturer’s instructions for 
reduced samples.  50µg of Rhesus macaque sperm was loaded in triplicate and the 
gel was run for 35 minutes at a 200V constant.  Following electrophoresis, the gel 
was stained using SimplyBlue™ SafeStain (Invitrogen) and destained as per 
manufacturer’s instructions.  The gel was transferred to a gel slicer (built in house) 
and each of the 3 lanes was separated from the rest of the gel by cutting vertically.  
Each lane was then cut into 16 equal sections and half of each section was 
transferred to a 96 well plate, resulting in 48 total gel slices.  Gel slices were stored 
at -80°C until needed. 
In-Gel Digestion of Proteins / MS Analysis 
 Using a scalpel, each gel slice was cut into smaller (approximately 1x1x1mm) 
pieces which were transferred to a 0.6mL microcentrifuge tube (one tube per gel 
slice, for a total of 48 tubes).  A standard in-gel digestion protocol was performed on 
each gel slice as described previously [25].  Gel slices were further destained using 
50mM ammonium bicarbonate/50% acetonitrile and dehydrated with 100% 
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acetonitrile.  Proteins were reduced and alkylated by treatment with dithiothreitol 
and iodoacetamide and subsequently digested using 15ng/µl Trypsin.  Protein digests 
were extracted with 5% formic acid and 50% acetonitrile, and dried down using a 
vacuum centrifuge.  Resulting peptides were reconstituted in 20µl of 0.1% formic 
acid. 
Liquid Chromatography Mass Spectrometry 
 Extracted peptides were analyzed by nanoflow reverse phase liquid 
chromatography using a nanoAcquity LC system (Waters) coupled in-line with the 
linear trap quadrupole LTQ Orbitrap Velos instrument (Thermo Fisher Scientific). The 
nano LC system included a Symmetry C18 5μm 180μm×20mm trap column and a 
BEH130 C18 1.7μm 100μm×100mm analytical column (Waters). Mobile phases A 
and B consisted of 0.1% formic acid in water and 0.1% formic acid in acetonitrile, 
respectively.  Samples were loaded onto the trap column for desalting and pre-
concentration with 99%:1% mobile phase A:B at a flow rate of 5µl/min for 3 
minutes. Peptides were separated on the analytical column at a flow rate of 500 
nl/min with a two-step linear gradient consisting of 7% B to 25% B in 72 minutes 
and 25% B to 45% B in 10 minutes. The electrospray ion source consisted of a 
nanospray head (Thermo Fisher Scientific) coupled with a coated PicoTip fused silica 
spray tip with OD 360μm, ID 20μm, and 10μm diameter emitter orifice (New 
Objective, Inc.). Samples were analyzed using positive ion spray voltage and heated 
capillary temperature of 1.9kV and 220°C, respectively. 
 Mass spectrometry data were collected with the instrument operating in data 
dependent MS/MS mode. MS survey scans (m/z 300-2000) were acquired in the 
Orbitrap analyzer with a resolution of 60,000 at m/z 400 and an accumulation target 
of 1× 106. This was followed by the collection of MS/MS scans of the 15 most intense 
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precursor ions with a charge state ≥2 and an intensity threshold above 500 in the 
LTQ with the accumulation target of 10,000, an isolation window of 2Da, normalized 
collision energy of setting of 35%, and activation time of 30ms. Dynamic exclusion 
was used with repeat counts, repeat duration, and exclusion duration of 1, 30s, and 
60s, respectively.   
Peptide identification and protein annotation 
 The mass spectra data files were analyzed using Sequest (Thermo Fisher 
Scientific, San Jose, CA, USA; version 1.2.0.208) and X!Tandem (The GPM; version 
2007.01.01.1) searched against the NCBI Macaca mulatta protein fasta file (dated 
10/14/10, with 27088 entries).  SEQUEST and X!Tandem were searched with a 
fragment ion mass tolerance of 0.80Da and a parent ion tolerance of 10.0PPM.  
Iodoacetamide derivative of cysteine was specified as a fixed modification, while 
oxidation of methionine was specified as a variable modification.  Results were 
merged using Scaffold (Proteome Software) version 3.0.8 which calculated False 
Discovery Rates (FDRs) using a reverse concatenated decoy database.  Peptide 
identifications were accepted if they could be established at greater than 95.0% 
probability as specified by the Peptide Prophet algorithm [26] and protein 
identifications were accepted if they could be established at greater than 99.0% 
probability and contained at least 3 identified peptides.  Protein probabilities were 
assigned by the Protein Prophet algorithm [27].  Proteins that contained similar 
peptides and could not be differentiated based on MS/MS analysis alone were 
grouped to satisfy the principles of parsimony. 
 Protein identifications from Scaffold after analysis with Sequest and X!Tandem 
consisted of Macaque RefSeq (NCBI) protein IDs.  These protein IDs were entered 
into BioMart (biomart.org, version 0.7) using the Ensembl Genes 54 (Sanger UK) 
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Macaca mulatta genes (MMUL_1.0) database and used to obtain cross-referenced 
Ensembl Gene IDs and associated gene names.  The same method was used to 
obtain human orthologs.  Macaque and human Ensembl numbers were matched to 
each RefSeq protein ID in a 1:1 fashion such that there was only one macaque and 
one human Ensembl number per RefSeq protein ID, thus the size of the original 
dataset was maintained. A gene name was assigned to each of the 1247 proteins 
identified in this study.  Macaque Ensembl IDs and Human Ensembl IDs were 
assigned to 94% (1170/1247) and 93% (1165/1247) of proteins, respectively. 
Gene Ontology, Sperm Phenotype and Genomic Analysis 
 The gene group functional profiling (g:GOSt) analysis tool from g:Profiler [28] 
was used to conduct Gene Ontology (GO) analyses.  Macaque Ensembl Gene IDs 
(1166) for the genes expressed in the MacSP were queried against the Macaca 
mulatta dataset.  Significance of over-represented GO categories, as compared to 
the whole macaque proteome, was determined using the Benjamini-Hochberg FDR 
significance threshold.  The expected number of proteins in each functional category 
in the whole macaque proteome was calculated for comparison with the MacSP.  The 
distribution of functional categories in the MacSP as compared with the whole 
proteome is shown in Figure 1.2.  GO category enrichment is indicated by an asterisk 
(p≤0.05).  A description of each of the GO terms can be found at 
www.geneontology.org.     
 Mammalian phenotype information was obtained from the MGI mammalian 
phenotype database (http://www.informatics.jax.org/) using annotated orthology 
relationships with the mouse and human.   These results were further curated to 
obtain a comprehensive list of abnormal sperm morphology or process phenotypes.  
GO category enrichment was conducted using g:Profiler.  The chromosomal 
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distribution of macaque sperm genes was obtained from gene map coordinate file 
available from NCBI (Cyto_gene mapview 1.2).  A Chi-squared test was used to 
compare the proportion of X- linked and autosomal macaque sperm genes to the 
genome-wide distribution of genes.  
Mouse and Human Sperm Proteome Comparisons 
 To compare the MacSP to other published proteomes, we obtained the 
MouseSP and HumanSP IDs from the published literature [17,19] and converted 
them to their corresponding Ensembl IDs using Biomart (Biomart.org).  The resulting 
934 mouse and 925 Human Ensembl gene IDs were then used to identify the 
corresponding orthologs present in the MacSP dataset.  
 Network analyses were conducted on the genes found to be common to the 
macaque, mouse and humanSPs and on the genes found to be common to both the 
macaque and mouse, and the macaque and human sperm proteomes.  Networks 
were created using GO Biological Process Annotations (downloaded 23.05.2013) as 
implemented in the ClueGo plugin v2.0.5 [29] of Cytoscape v3.0.0 [30].  For the 
macaque-, mouse- and humanSP overlap, an enrichment (right-sided 
hypergeometric) test was used with a Benjamini-Hochberg multiple test correction.  
GO Tree Levels (min=1;max=2) and GO term restriction (min#genes=3,min%=1%) 
were set and terms were grouped using a Kappa Score Threshold of 0.3.  For the 
macaque/mouse and macaque/humanSP overlap networks, an enrichment (right-
sided hypergeometric) test was used with a Benjamini-Hochberg multiple test 
correction.  GO Tree Levels (min=1;max=3) and GO term restriction 
(min#genes=5,min%=4%) were set and terms were grouped using a Kappa Score 
Threshold of 0.3.  For all networks, resulting groups consisted of a minimum of 2 
terms, and groups sharing >50% of terms were merged.   
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Phylogenetic Analysis 
 The MacSP contains 3 ADAM-like proteins annotated as ADAM18, 20, and 21-
like.  Protein BLAST queries of these proteins identified higher similarity to other 
ADAMs, in particular ADAMs 3, 4 & 6.  To further examine this, all available 
macaque, human, chimpanzee, mouse, and rat ADAM sequences (101 total) were 
obtained from NCBI. Alignment and phylogenetic analysis of these protein sequences 
were conducted in MEGA5 as described below with 50 bootstrap replicates to 
investigate placement of the ADAM-like proteins in the tree (not shown).   
 For subsequent analyses, a subset of 22 amino acid sequences (Supplemental 
Table 1.1) from the macaque, human, chimpanzee, mouse, and rat for ADAMs 3, 4, 
6, 18, 20 & 21 were aligned by ClustalW as implemented by MEGA5.  All ambiguous 
positions were removed for each sequence pair and there were a total of 939 
positions in the final dataset.  Evolutionary history was inferred by using the 
Maximum Likelihood method based on the JTT matrix-based model [31] and the 
bootstrap consensus tree, as shown in Figure 1.4, was inferred from 1000 replicates 
[32].  The percentage of replicate trees in which the associated taxa clustered 
together in the bootstrap test is shown next to the branches. Initial tree(s) for the 
heuristic search were obtained automatically as follows. When the number of 
common sites was < 100 or less than one fourth of the total number of sites, the 
maximum parsimony method was used; otherwise BIONJ method with MCL distance 
matrix was used. The tree is drawn to scale, with branch lengths measured in the 
number of substitutions per site. Evolutionary analyses were conducted in MEGA5 
[33].  Orthology was determined using reciprocal best protein BLAST queries of 




 Gene expression data for 5 rhesus macaque tissues (cerebral cortex, 
pancreas, thymus, testis, and an immortalized fibroblast cell line) obtained from 3 
different research centers [34] was downloaded from the NCBI Gene Expression 
Omnibus (GEO, series GSE7094).  The dataset from the Yerkes National Primate 
Research Center was omitted from our analysis because their total intensities were 
markedly higher than the other two. Affymetrix Probeset Identifiers were matched to 
Ensembl macaque sperm gene IDs using BioMart.  In total, there were 1774 
Affymetrix probeset matches to macaque sperm genes, some represented by 
multiple probes on the array.   Multiple matches were collated using the similarity of 
gene expression intensities across samples implemented in the Inferno software 
program (https://code.google.com/p/inferno4proteomics/), resulting in 1041 MacSP 
genes for which expression data was available.   
 The average expression of the MacSP dataset in the testis was compared to 
other tissues (cerebral cortex, pancreas, thymus, fibroblast). The ratio of average 
expression of sperm proteome genes to the averages in the other tissues was log2 
transformed to determine the fold change of that particular gene in the testis as 
compared to all other tissues (Supplemental Table 1.2). 
 Statistical tests were performed to determine if any sperm proteome genes 
were over- or under-expressed in the testis compared to other tissues and cell types.  
Gene expression intensities in the testis samples were compared to a background 
dataset that consisted of the four averaged sets taken from the GSE7094 series.  A 
standard t-test, as implemented in the Inferno program, identified a set of 242 




 A network analysis was conducted on the 242 genes expressed in macaque 
sperm that are over- or under- expressed significantly in the testis.  The network 
was created by comparing GO Molecular Function Annotations (downloaded 
05.01.2012) for over- and under-expressed genes as implemented in the ClueGo 
plugin v1.4 (5) of Cytoscape v2.8.2 [30].  A two-sided hypergeometric 
enrichment/depletion test was used with a Benjamini-Hochberg multiple test 
correction.  GO Tree Levels (min=1;max=3) and GO term restriction 
(min#genes=5,min%=1%) were set and terms were grouped using a Kappa Score 
Threshold of 0.1.  Resulting groups consisted of a minimum of 2 terms, and groups 
sharing >50% of terms were merged.   
Results 
Sperm Protein Identification by MS 
 Shotgun MS/MS identified 1247 proteins in purified macaque sperm samples 
using strict criteria mass spectra analysis as well as protein identification 
(Supplemental Table 1.4).  False Discovery Rates (FDRs) using a reverse 
concatenated decoy database resulted in estimates of peptide and protein FDR of 
<1%, supporting the high quality of the data set.   Three replicate sperm samples 
were analyzed and each sample resulted in the identification of between 5449 and 
7523 unique peptides that identified between 928-1056 proteins per sample (Table 
1.1).  The average coverage of identified proteins ranged from 17.8% to 24.0% with 
an average across all samples of 20.7% (Table 1.1).  Although the cutoff for the 
minimum number of peptides identified per protein was set to 3, the average 
number of peptide hits per protein was over twice this value (6.46) reflecting the 
depth of the MS data.  In addition, 59.5% (742/1247) of proteins in our dataset 
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were identified in all 3 samples while 82.4% (1028/1247) of proteins were identified 
in at least 2 samples (Figure 1.1B).   
 
Table 1.1. Summary of MS Results 
 Sample 1 Sample 2 Sample 3 Total  
Total proteins identified 1033 1056 928 1247 
Total peptides identified 7523 6578 5449 19550 
 Sample 1 Sample 2 Sample 3 Average 
Average % protein coverage 23.97 20.35 17.82 20.71 
Average peptide hits per protein 7.28 6.23 5.87 6.46 
 
 
Figure 1.1. Sperm purification and overview of shotgun proteomics analyses.  A. 
Epi-fluorescent/DIC image of purified macaque sperm.  DAPI fluorescence in bright 
oblate spheroids (white, arrow) indicates the presence of DNA in morphologically 
normal sperm nuclei and head structures.  Associated sperm midpiece (bracket) and 
flagella (arrowheads) were visualized simultaneously under Nomarski DIC optics also 
indicative of normal morphology for mature sperm.  Bar = 10 microns.  B.  Venn 
diagram of protein overlap in three sperm samples identified using shotgun MS/MS. 
 
18 
 Abundant proteins in the MacSP were ranked by spectral counts providing a 
semiquantitive measure of relative protein levels (Table 1.2) [35].  By far, the most 
highly abundant protein was a-kinase anchor protein 4-like (AKAP4), a known 
constituent of mammalian sperm.  Orthology searches of the corresponding gene 
found that it shares one-to-one orthology with AKAP4 of 7 primate species, including 
human, as well as rat and mouse.  AKAP4 was also identified as the most abundant 
protein in the rat sperm proteome [16] and is the most abundant protein constituent 
of the sperm fibrous sheath [36].  Several keratins, including KRT1, 2, 5, 6a, 10 & 
16 were also found to be among the 20 most abundant proteins identified in the 
MacSP.  Although keratins are often associated with sample contamination, these 
keratins have previously been demonstrated to be present in the human sperm 
nucleus [37]. Additional keratins have also been identified in the rat, human and 
mouse sperm proteomes [12,17–19] suggesting that these proteins play important 
functional roles in sperm.  LOC703932, the 13th most abundant protein, has high 
sequence homology with keratin 9 from several species including human, orangutan 
(Pongo abelii), and marmoset (Callithrix jacchus).  Keratin 9, along with other 
proteins, has been found to comprise the perinuclear ring of the manchette which 
nucleates extending microtubules in the developing spermatid [38]. 
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Table 1.2. Top 20 abundant macaque sperm proteins by spectral count 









1 LOC694888 AKAP4 7901 76 
2 LOC702153 KRT10 2866 51 
3 LOC699320 KRT1 2551 48 
4 ODF2 ODF2 2226 44 
5 GAPDHS GAPDHS 2182 76 
6 TUBB2C TUBB4B 2123 78 
7 AKAP3 AKAP3 2047 63 
8 ODF1 ODF1 2018 61 
9 LOC707215 TUBA3E 1658 70 
10 LOC699567 KRT2 1639 46 
11 GSTM3 GSTM3 1524 77 
12 TUBB2B TUBB2B / TUBB2A* 1495 65 
13 LOC703932 KRT9* 1211 32 
14 ALDOA ALDOA 1151 43 
15 LOC100424400 KRT5 1062 45 
16 ROPN1B ROPN1B 1053 72 
17 DNAH2 DNAH2 1030 4 
18 GPX4 GPX4 992 53 
19 KRT14 KRT16 988 49 
20 LOC100424162 KRT6A 969 56 




Mammalian Sperm Phenotypes 
 We identified 74 proteins in the MacSP which, when mutated or defective in 
mice or humans, result in abnormal sperm development or function (Table 1.3).  
This includes 37 proteins associated with abnormal sperm morphology and 50 
associated with abnormal physiological, motility, capacitation or fertilization 
processes. Statistical analysis of functional over-representation amongst these genes 
found that abnormal sperm morphology phenotypes are enriched for proteins which 
localize to the flagellum (p=2.50 e-8; GO:19861) and cilium (p=2.00 e-4; 
GO:5929), including the structural genes TEKT2, 3 & 4 and ODF2.  As expected, 
abnormal sperm process genes are significantly enriched for genes involved in 
fertilization (p=8.04 e-16; GO: 9566), sperm-egg recognition (p=1.64 e-4; 
GO:35036) and those which localize to the acrosomal vesicle (p=4.68 e-11; 
GO:1669).  Notably this group includes a number of highly studied sperm proteins 
involved in sperm-egg interaction, including IZUMO1, ADAM1, AKAP4, CRISP1, ACR, 
ZPBP1 and ZPBP2. 
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Genes Identified in the MacSP 
Abnormal Morphology 
axoneme 9838 13 ODF2, SPAG6, THEG, TEKT2, VDAC3 




104 AKAP4, ATP1A4, CSNK2A1, CSNK2A2, 
HK1, OAZ3, ODF2, PPP1CC, PRSS21, 
SPAG6, TCTE3, TEKT2, TEKT3, TEKT4, 
THEG, ZPBP, ZPBP2 
head 9230 122 ACR, CSNK2A1, CSNK2A2, CD59, 
H1FNT, PPP1CC,  PRSS21, SMCP, 
TCTE3, TSSK4, SPAG6 
nucleus 9232 26 CSNK2A1, CSNK2A2, GPX5, H1FNT, 
HK1, THEG, ZPBP, ZPBP2 
principle piece 9836 8 AKAP4, PPP1CC,  SPAG6,  TEKT4 
midpiece 9831 27 NUP210L, ODF2, PPP1CC, TEKT4, SPAG6  
mitochondrial 
sheath 
9832, 9833 19 AKAP4, PPP1CC, VDAC3 
spermatogonia 6378 32 ALPL 
spermatid 6380 125 ATM, CSNK2A1, CSNK2A2, CSTF2T, 
HERC2, HK1, NPEPPS, PPP1CC, PRKDC, 
PSME4, RSPH1, THEG, TSSK2,  ZPBP, 
ZPBP2 
spermatocyte 6379 59 ATM , DDX4,  PLEKHA1, PSME4, 
SLC25A31 
Abnormal Process 
spermatogenesis 1156, 8261  
386 
ALMS1, BSG, GNPAT, H1FNT, HRG, 
HSP90AA1, HSPA4L, IMMP2L, KLHL10, 
LMNA, MLH3, NR2C2, RET, RPS27A, 
STX2, SUV39H1, TDRD6 
physiology 4543 215 AQP7, ATP1A4, ATP2B4, CRISP1, 
KCNU1, LDHC, PPP1CC, PRSS21, 
RSPH1, SPAM1, SPESP1, TEKT4, ZAN  
capacitation 3666 36 ADCY3, ATP1A4, KCNU1 
motility 2674, 2675 187 ADAM2, CAPZA3, CHDH, CSNK2A1, 
CSNK2A2, DNAH1, GAPDHS, HSPA4L, 
PGK2, PRKACA, TEKT2 
fertilization 242, 5410, 
5411 
96 ACR, ACRBP, ADAM1, ADCY3, ATP1A4, 
CD46, IZUMO1, KCNU1, LDHC, PRKACA, 
PRSS21, SERPINA5, SMCP, SPAM1, 
SPESP1, ZPBP2 
* Mammalian phenotypes were obtained from the Mouse Genome Informatics 
database.  
**Defects include abnormal flagellum morphology (coiled, detached, hairpin, kinked, 
and short), flagellum absence and multiflagellate sperm. 
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Gene Ontology (GO) Functional Analysis 
 Annotated molecular functions were obtained for 72% (896/1247) of the 
genes in the dataset which were placed amongst 13 broad functional categories 
(Figure 1.2).  Three of the categories, catalytic, antioxidant and electron transport 
were statistically enriched in the MacSP (p<0.05) as compared to the entire genome.  
Further analyses of the two most abundant annotated categories in the MacSP, 
catalytic and binding functions (described below), revealed a higher proportion of 
proteins with a catalytic function, but a slightly lower proportion of proteins with 
binding function in the MacSP (Figure 1.2).  With regards to catalytic function, the 
MacSP contains an overabundance of proteins with oxidoreductase- (116 proteins, 
p=3.44 e-17), hydrolase- (210 proteins, p=4.83 e-12), and isomerase (20 proteins, 
p=1.69 e-2) activity as compared to the whole proteome.  The MacSP is enriched for 
oxidoreductases that act on NADH and NADPH (58 proteins, p=3.90 e-08), including 
dehydrogenases that act on NADH (26 proteins, p=9.78 e-08).  The MacSP also 
contains hydrolases enriched in peptidase activity (65 proteins, p=1.75 e-05), 
particularly threonine-type peptidases/endopeptidases (14 proteins, p=1.77 e-10), 
and hydrolases acting on acid anhydrides (92 proteins, p=5.55 e-09).    
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Figure 1.2. Gene Ontology (GO) molecular function analysis for the MacSP and 
whole proteome.  Bars represent the number of hits (proteins) in the functional 
category (note that some proteins are placed in multiple functional GO 
categories).  The unannotated category represents the number of proteins with no 
annotated molecular function. (*) indicates significant (p≤0.05) difference between 
the number of entries for each category in the MacSP and whole proteome.  
 
 The MacSP is enriched in a number of binding proteins including small 
molecule binding (205 proteins, p=2.30 e-14), cofactor binding (33 proteins, p=2.63 
e-05), and metal cluster binding (12 proteins, p=2.63 e-03) proteins.  Small 
molecule binding proteins are enriched for nucleotide binding proteins (194 proteins, 
p=4.90 e-14) while cofactor binding proteins are enriched for coenzyme (26 
proteins, p=4.68 e-05) and NAD binding (13 proteins, p=6.54 e-06) proteins.  Metal 
cluster binding proteins are enriched for proteins involved in unfolded protein (21 
proteins, p=1.00 e-06), cytoskeletal protein (36 proteins, p=2.14 e-0.3) and calcium 
ion (54 proteins, p=3.5 e-03) binding. 
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 Overall, 59% (733/1247) of the MacSP has annotated GO biological processes 
such as metabolic processes (539 proteins, p=8.79 e-04), including small molecule 
metabolic processes (158 proteins, p=2.89 e-10), oxidation-reduction process (101 
proteins, p=3.03 e-18), and catabolic process (140 proteins, p=2.84e-15).  In 
addition, the MacSP is enriched for proteins involved in particular cellular processes 
including response to oxidative stress (26 proteins, p=2.21 e-06), generation of 
precursor metabolites and energy (50 proteins, p=1.23 e-19), protein folding (29 
proteins, p=1.31 e-05), and microtubule based processes (40 proteins, p=3.21 e-
06), which includes sperm motility (8 proteins, p=2.93 e-04). 
Comparison to the Mouse and Human Sperm Proteomes 
 Previous studies have characterized the mouse and human sperm proteome 
but used fundamentally different sperm isolation techniques.  The mouse sperm 
proteome was determined using sperm purified from the cauda epididymis, 
consistent with the methods used in this study, while the human analysis used sperm 
purified from total ejaculates.  To assess the possible impact of non-sperm ejaculate 
contamination within the human sperm proteome, we calculated the number of 
orthologous proteins within each proteome.  Based on sperm proteome size and 
expected overlap based on total genome orthology, the MouseSP and MacSP are 
expected to share 589 orthologs while the HumanSP and MacSP are expected to 
share 692 orthologs. Contrary to what would be expected based on their 
evolutionary relationship, we identified a significantly higher (p = 0.0037) proportion 
of orthology relationships between the macaque and mouse sperm proteomes (436 
proteins; 47% of total proteome, 74% of expected) than between the MacSP and 
HumanSP (368 proteins; 40% of total proteome, 53% of expected).  This finding is 
likely attributed to differences in sample preparation, MS techniques and the 
potential for the human sperm proteome to contain a number of contaminating 
25 
seminal proteins that are not conserved components of sperm.  This illustrates the 
difficulty in comparing sperm proteome data across species and across studies where 
varying methods are employed.   
 In order to identify similarities and potential functional differences between 
the sperm proteomes, we conducted GO cluster network analyses on the 436 
proteins common to the MacSP/MouseSP and the 368 proteins common to the 
MacSP/HumanSP (Supplemental Figure 1.1).  Pair-wise comparison highlights several 
functional similarities in processes related to energy generation and metabolism and 
processes closely related to sperm biology including response to oxidative stress, 
sperm motility, and sexual reproduction.  These common biological processes are 
also reflected in the triple overlap between the MacSP, HumanSP and MouseSP as 
detailed below.   
 Overall, 209 proteins comprise a core dataset common to all three sperm 
proteomes (Supplemental Table 1.5).  We analyzed the pattern of enrichment of the 
GO functional categories statistically over-represented by the triple overlap dataset 
using Cytoscape (Figure 1.3).  As expected from the pair-wise comparisons, a 
number of functional categories related to reproduction, fertilization and sperm-egg 
recognition are represented, along with metabolic and energy production processes.  
The high level of functional coherence observed reflects a significant coverage of the 
proteomes by our MS approach, however, a number of differences between the three 




Figure 1.3. Biological process network showing enriched functional categories for 
proteins found in the macaque, mouse and human sperm proteomes.  Inset shows a 





Phylogenetic Analysis of Macaque ADAM-like Proteins 
 Consistent with biochemical studies of mammalian sperm and functional 
studies of sperm-egg fusion our analysis identified 8 members of the ADAM family in 
the MacSP.  Amongst these, 3 proteins were annotated as ADAM-like, including 
ADAM18-, 20-, and 21-like, indicating high sequence similarity with the annotated 
ADAM18, 20 and 21 genes.  The ADAM family of proteins has undergone significant 
expansion in the mouse lineage, while many of the human orthologs are 
pseudogenes.  Since many ADAM proteins have evolved key roles in sperm biology, 
we were interested in determining whether these ADAM-like proteins (i) were mis-
annotated, and represent known mammalian ADAMs or (ii) represented a functional 
expansion of ADAM proteins in the primate lineage.  Frequent gene turnover and 
pseuodogenization amongst the ADAM gene family of proteins led us to suspect that 
these genes may be mis-annotated because of gene gain/loss during primate 
evolution.  Construction and examination of the ADAM family phylogenies using all 
available ADAM sequences for the macaque, human, chimpanzee, mouse, and rat 
robustly groups ADAM18, 20 and 21 within a monophyletic group, exclusive of the 
ADAM18, 20 & 21-like proteins.  Further phylogenetic and reciprocal BLAST analysis 
demonstrates a close evolutionary relationship and phylogenetic cluster between 
ADAM18-like and ADAM3-, ADAM20-like and ADAM4- and ADAM21-like and ADAM6-
groups (Figure 1.4).  The identification of orthologs of ADAM3, 4 and 6 in the MacSP 
provides empirical evidence of sperm genes functioning in primate taxa which have 
been subsequently lost in the human lineage.   
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Figure 1.4. Maximum-likelihood phylogenetic analysis of Macaque ADAM-like 
proteins.  Evolutionary history was inferred by using the Maximum Parsimony 
method. The bootstrap consensus tree (shown) was inferred from 1000 replicates 
[32].  The percentage of replicate trees in which the associated taxa clustered 
together in the bootstrap test (1000 replicates) is shown next to the branches. The 
analysis involved 22 amino acid sequences. All ambiguous positions were removed 
for each sequence pair. There were a total of 939 positions in the final dataset. 




Genomic Analysis of the MacSP 
 The X chromosome contains an underrepresentation of genes with male 
biased expression or function because (i) the X chromosome spends two-thirds of its 
life history in females, and may therefore be a selectively unfavorable location for 
such genes, and (ii) the mammalian X chromosome is inactivated following the 
meiotic stages of spermatogenesis.  These predictions have been supported in the 
analysis of male-biased expressed genes in Drosophila and mouse [39,40] and in the 
documented patterns of gene movement between the autosomes and the X 
chromosome [41,42].  An analysis of the macaque sperm proteome further supports 
these predictions as the chromosomal distribution of sperm proteome genes is not 
uniform and displays a 28.3% underrepresentation on the X chromosome (χ2=4.91; 
p<0.05). 
Expression Analysis 
 The testis expression of 1041 MacSP genes were extracted from previous 
macaque expression datasets and compared to the average expression of these 
genes in other tissues.  The relative fold change distribution (Figure 1.5) of the 
majority of testis-expressed genes (74%, 768/1041) was expressed in the interval 
between +/- 2 fold and thus not significantly different from the relative expression in 
other tissues.  A minority of genes were found to be under-expressed by more than 
2-fold (117/1041; 11%), and less than 1% (8/1041) under-expressed 5 fold or 
more.  Only a modest fraction, (156/1041; 15%) were found to be overexpressed by 
>2 fold, with only approximately 4% (37/1041) overexpressed by >5 fold compared 
with other tissues. Interestingly, only 9 genes (Table 1.4) were over-expressed by 
>10 fold.  Functional analysis of the 37 genes overexpressed by >5 fold revealed 
that, 5 genes (SLC25A31, L1TD1, ZPBP, PACRG and REEP6) are un-annotated for 
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molecular function.  However, GO annotates ZPBP for the biological process: binding 
of sperm to the zona pellucida, and two genes, SLC25A31 and PACRG, are annotated 
for cellular components: mitochondria.  In humans, SLC25A31 is further annotated 
as having transporter activity and being involved in trans-membrane transport, and 
as a component of the flagellum.  The remaining 32 genes were annotated for 
binding functions, including nucleotide, metal ion, and protein binding. Nearly half 
(15/32) also possess catalytic activity, and are annotated as hydrolases and 
transferases.  Of the 32 genes, a number were also annotated as having structural 
molecule activity (5/32) and enzyme regulator activity (5/32).  
 Table 1.4 details the annotated molecular functions and biological processes 
of the 9 genes found to be more than 10 fold overexpressed in the testis.  Despite 
being present in sperm and highly overexpressed in the testis, three, SERPINA5, 
DDX4 and MYLK, are annotated as being involved with reproduction and only 
SERPINA5 and DDX4 are annotated as being involved in spermatogenesis.  Five 
genes are annotated as having nucleotide binding molecular functions, three of which 
are also annotated as nucleic acid binding proteins.  The remaining two genes, 
TUBA3E and MYLK, bind GTP and ATP, respectively.  Overall, the 9 highly 
overexpressed genes possess a range of molecular functions and are involved in 
diverse biological processes.  
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Figure 1.5. Fold change distribution of the expression of macaque sperm genes in 
the testis as compared to the average expression in other tissues.  The majority of 
genes are between 2 fold under- and overexpressed while a small subset show 
significant under or overexpression.  Blue color indicates number of genes also found 
in the set of 242 unique genes whose testis expression is significantly different from 
expression in all other tissues.  Inset: Comparison of the 242 statistically significant 





Table 1.4. GO molecular function(s) and biological process(es) for macaque sperm 







GO Molecular Function(s) GO Biological Process(es) 
SERPINA5 
(Q28500) 
17 Protein binding; acrosin 
binding; peptidase inhibitor 
activity 
Proteolysis, regulation of 




15 Transferase activity; small 
molecule binding 
Amine metabolic process, 
cellular catabolic process, 
response to stimulus 
STK31  
(TDRD8) 
14 Nucleotide binding; nucleic 
acid binding; kinase activity 
Protein metabolic process, 
phosphorylation 
MYH11 13 Nucleic acid binding 
transcription factor activity; 
hydrolase activity; 
nucleotide binding; nucleic 
acid binding 
Gene expression, biosynthetic 
process, cell communication, 
cellular metabolic process, 
transcription, DNA dependent; 
response to stimulus, 




11 GTPase activity, GTP 
binding, nucleotide binding 
Catabolic process, 
microtubule-based process, 
nucleotide metabolic process, 
cellular component 
organization/biogenesis,  
SLC25A31 10 Un-annotated 
 
Un-annotated 
DDX4 10 Helicase activity; nucleotide 
binding; nucleic acid binding 
Locomotion, protein 
localization, sperm motility, 
cell cycle process, meiosis, 
sexual reproduction, 
spermatogenesis 
USP13 10 Ubiquitin thiolesterase 
activity; metal ion binding; 
protein binding 
Catabolic process, proteolysis 
MYLK 10 Kinase activity;  nucleotide 
binding, ATP binding, 
enzyme binding 
Protein metabolic process, 
phosphorylation, 
developmental process,  
reproduction 
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 Our analyses further identified 242 genes expressed in macaque sperm that 
are significantly over- or under expressed in the testis relative to other tissues 
(Supplemental Table 1.2).  Interestingly, these genes were about evenly split; 128 
over- and 113 under-expressed.  Despite the fact that sperm originate in the testis, 
this result illustrates that studying testis tissue expression is not necessarily 
informative with regards to sperm composition.  Sperm generally acquire proteins in 
two different tissues, the testis during spermatogenesis and the epididymis during 
the post-testicular maturation process.  This analysis can, however, provide some 
information with regards to the tissue of origin of sperm proteins.  For example, the 
128 significantly overexpressed testis genes represent a subclass of proteins with 
sperm-specific functions.  Conversely, genes under-expressed in the testis, but 
whose protein products have been identified in the MacSP, may be translated and 
added to sperm during epididymal maturation.  Additional functional genomic and 
bioinformatics analyses are needed to determine the overall significance of these 
protein classes. 
 Figure 1.6 shows a molecular function network analysis for the significantly 
over- and under-expressed genes.  Nodes enriched with overexpressed genes are 
shown in red, and under-expressed genes shown in green.  The most abundant 
annotated functional categories of over- and under-expressed genes include 
catalytic, binding, and structural molecules (data not shown), all of which are 
represented in the network analysis. However, genes with oxidoreductase activity 
have a tendency to be under-expressed in the testis as compared to other tissues, 
while genes with lyase, transferase, hydrolase and peptidase activity are 
overexpressed.  A similar number of genes also have a binding function, however 
nucleotide binding proteins, including ribonucleotide and purine nucleotide binding 
proteins tend to be overexpressed along with calmodulin binding proteins.  Genes 
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with an un-annotated molecular function comprise 34% of both overexpressed 
(44/128) of and under-expressed (39/114) genes, similar in proportion to all genes 
of the MacSP. 
 
 
Figure 1.6. Network molecular function analysis for genes found to be expressed in 
macaque sperm that are significantly over- or under-expressed in the testis at 
p≤0.05 (242 genes total).  Functional category nodes enriched for overexpressed 




 We utilized strict parameters for peptide and protein inclusion to generate a 
robust Rhesus macaque sperm proteome containing 1247 proteins.  These criteria 
required scores for peptide identifications at greater than 95.0% probability as 
specified by the Peptide Prophet algorithm [26] and protein identifications were only 
accepted if they could be established at greater than 99.0% probability and 
contained at least 3 identified peptides.  Previous sperm proteomics studies have 
used different search parameters including proteins identified by 2, or in some cases 
even 1 peptide [12,16,18].  We chose our parameters to ensure the accuracy of the 
identified proteins and to reduce false positives which is particularly crucial for 
comparative studies of sperm proteome composition designed to gain evolutionary 
insights of sperm function and origin. 
Relevance to Studies of Human Fertility 
 Despite a number of similarities, a number of functional differences can be 
observed between the macaque/mouse and macaque/human SP overlap networks 
(Supplemental Figure 1.1).  Interestingly, the MacSP and MouseSP contains a group 
related to complement activation, while this node is absent in the MacSP and 
HumanSP network.  Indeed, the MacSP and MouseSP contain several proteins 
involved in complement activation including C3, CD46 and CD55 not identified in the 
HumanSP.  CD46 is a rapidly evolving protein in the mouse, and is associated with 
the sperm acrosome, although its precise role in acrosome biology is unknown, while 
CD55 is thought to play a role in modulating the complement pathway [43,44].  In 
the sexual reproduction group, proteins involved in sperm-egg recognition are 
enriched in the MacSP and MouseSP but not in the MacSP and HumanSP network.  
Further examination revealed 3 proteins present in the MacSP and MouseSPs absent 
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from the HumanSP and include ADAM3 (a pseudogene in humans), ZAN and ZPBP2, 
all of which have previously characterized sperm phenotypes (see Table 1.3).  These 
differences could reflect the unique evolutionary trajectory of these proteins in the 
human lineage, and therefore provide targets for future studies into their functional 
significance. 
 The MacSP and HumanSP network analysis reveals a number of functional 
categories that are not present in the MacSP and MouseSP overlap networks 
including homeostasis, negative regulation of cell growth, cell cycle regulation, 
antigen processing & presentation, membrane organization and maintenance of 
localization.  Several proteins involved in membrane organization were identified in 
the MacSP and HumanSP not identified in the MouseSP and include ANXA1, ANXA2, 
CACNA1A, HSPA4, RPS27A and SYNE2.  Two proteins involved in antigen processing 
and presentation, RPS27A and NPEPPS, were also absent from the MouseSP but 
present in the MacSP and HumanSP.  Finally, the MacSP and HumanSP contains 
several proteins involved in maintenance of localization which were not identified in 
the MouseSP including ARHGAP21, FLNA, GAA, JUP, SYNE1, SYNE2 and TLN1.  
Overall, the proteins common to the MacSP and HumanSP fall into a much broader 
range of functional categories than the proteins identified in the MacSP and 
MouseSP.  A deeper understanding and the significance of these differences await 
further MS verification and functional studies. 
 Several previous studies have used MS to investigate the proteomic 
composition of human ejaculates, a combination of sperm mixed with seminal fluids.  
A previous study identified 923 proteins in seminal fluid and noted that a few 
proteins (e.g., semenogelins) present at high concentrations complicated 
identification of lower abundance proteins [24].  Likewise, proteomic analyses of 
sperm from ejaculates could similarly mask low abundance proteins and reduce the 
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number of sperm proteins identified while at the same time making it difficult to 
distinguish sperm from seminal fluid proteins.  For example, a previous study 
identified heat shock proteins HSPA5 and HSPD1 on the surface of ejaculated human 
sperm, however it was unclear whether these proteins are components of sperm or 
simply adsorbed to the sperm surface following ejaculation [45].  The identification 
of HSPA5 and HSPD1 in macaque epididymal sperm suggests that these proteins are 
sperm components prior to ejaculation.  This finding is further supported by the 
identification of HSPA5 and HSPD1 in mouse epididymal sperm [7].  Because this 
study utilized epididymal sperm devoid of seminal fluid, the data from this study can, 
by inference, be extended to the human sperm proteome. 
 A study by Johnston et al identified 1760 proteins in human sperm for which 
the resulting list of sperm proteins was not published [19].  However, this study 
acknowledged that many of the proteins found on ejaculated sperm are synthesized 
in the accessory sex glands, and acquired long after the morphological differentiation 
of the spermatozoa, potentially indicating that a large portion of their dataset was 
composed of seminal proteins, rather than sperm proteins.  A subsequent study, 
using proteins separated into Triton X-100 soluble & insoluble fractions, identified 
1053 proteins in human sperm [18].  This dataset contained semenogelins which are 
a predominant component of semen [37,46,47].  GO functional analysis also 
revealed that the most prevalent proteins are those with binding and catalytic 
functions [18], consistent with our analysis of the MacSP.  Additionally, we observed 
that oxidoreductases, including oxidoreductases acting on NADH and NADPH, and 
proteins with electron carrier and antioxidant activity are highly enriched in the 
macaque, mouse and human sperm proteomes.  The abundance of these GO 
categories presumably reflects the demand on sperm to generate energy for motility. 
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 We compared the human sperm proteome (925/1053 proteins for which we 
were able to identify macaque orthologs) and MacSP and found 368 proteins 
common to both proteomes.  Based on their evolutionary relationship, it was 
expected that the macaque and human sperm proteomes would share a higher 
degree of overlap than the macaque and mouse sperm proteomes. Interestingly, we 
observed a higher degree of overlap between the macaque and mouse sperm 
proteomes.  This observation may be due to a number of factors including (i) 
contamination of the HumanSP with seminal proteins leading to problems discussed 
above (ii) differences in sample preparation and MS, leading to selection or 
enrichment of particular types of proteins or (iii) significant evolutionary differences 
between sperm composition in humans and primates, reducing the amount of 
overlap observed between the Rhesus macaque and human sperm proteomes.    
Sperm Proteasome 
 The sperm proteasome has recently become of interest due to its likely role in 
facilitating penetration through the egg vitelline coat during fertilization, sperm 
capacitation and the acrosome reaction [48,49].  GO analysis revealed that the 
MacSP, MouseSP and HumanSP are all highly enriched for proteins in the proteasome 
complex as determined using g:Profiler. (p = 5.86 e-10 , p = 2.08 e-28 and p = 3.93 
e-24 respectively).  The 26S proteasome functions to degrade ubiquitinated proteins 
and consists of a 20S core particle and a 19S regulatory complex positioned at one 
or both ends of the core.  We identified 28 proteasome proteins in the MacSP (Figure 
1.7) including PSMA1-6, PSMA8, a testis-specific paralog of PSMA7, PSMB1-7, which 
comprises the entire 20S core particle, PSMC3, 4, 5 & 6 and PSMD1-2, which 
comprises most of the 19S base structure, and PSMD3, 7, & 11-14 which comprises 
most of the 19S lid structure.  A previous study found that one component of the 
alpha proteasome complex, PSMA3, was reduced in patients with asthenozoospermia 
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as compared to normozoospermic patients, suggesting that proteasome activity (or 
some unknown component of the proteasome) may play a role in sperm motility 
[50].   We also identified PSMG2 which forms a heterodimer with PSMG1 (not 
identified) and promotes assembly of the 20S core subunit [51].   
 Finally, an alternate proteasome activator protein, PSME4 (PA200) was also 
identified in the MacSP.  PSME4 has been proposed to replace the 19S regulatory 
complex at one or both ends of the 20S core particle (reviewed in [52]) and play a 
role in DNA double strand break repair [53], however mice lacking this gene show no 
developmental defects [54].  Mice lacking PSME4, however, exhibited marked 
reduction in male, but not female, fertility as a result of pre- and post-meiotic 
defects in spermatogenesis resulting in a reduction of normal sperm [54].  
Interestingly, PSME4 exhibits broad tissue expression with the highest level of 
expression detected in the testis.  Identification of a myriad of proteasome subunits 
in mature sperm suggests that mature proteasomes are present in sperm as they 
leave the epididymis and that various different proteasome complexes, such as those 




Figure 1.7. Graphical representation of the 26S proteasome.  Subunits identified in 
the MacSP are shaded, while those which were not identified remain white.  Every 
subunit comprising the 20S core particle (PSMA1-6, PSMA8 & PSMB1-7) were 
identified, as well as PSMG2 (not pictured) which functions to facilitate 20S 
assembly.  The majority of the base and lid complex, which comprise the 19S 
regulatory particle, were also identified.  Although not depicted, PSME4 (PA200) was 
also identified in the MacSP and functions to replace one or both of the 19S 






Divergence of Mating Systems & Proteome Diversification 
Aminopeptidases 
 Although their precise function in sperm has yet to be elucidated, 
aminopeptidases appear to play an important role in sperm development and 
function and several members are found to be constituents of sperm across diverse 
taxa.  In Drosophila the leucine aminopeptidase gene family has undergone 
significant expansion and functional diversification and represents the most abundant 
proteins in sperm, however, their function(s) have yet to be determined [55].  Four 
aminopeptidases were identified in the MacSP including leucine aminopeptidase 3, 
LAP3; aminopeptidase-like 1, NPEPL1; an aspartyl aminopeptidase, DNPEP; and a 
puromycin-sensitive aminopeptidase NPEPPS.  All four aminopeptidases identified in 
the MacSP have been shown in other mammals to play crucial roles in sperm 
development or function and are likely conserved constituents of sperm across a 
variety of taxa, however further studies are required to understand their roles in 
sperm biology. 
 LAP3 has also been identified in the mouse [7], rat [16], human [18] and 
Drosophila [12] sperm proteomes and thus appears to be a conserved sperm 
constituent across taxa.  The MacSP also includes a paralog of LAP3, NEPEL1 
(ensembl.org), also identified in the rat sperm proteome [16].  A previous study 
identified both LAP3 and NEPEL1 as potential targets for protein S- nitrosylation [56] 
which has been proposed to occur in the female reproductive tract because oviduct 
cells produce biologically significant levels of NO [57].  It is thus possible that this 
modification plays a key role in activating these proteins and that they play a role in 
capacitation, the acrosome reaction or sperm-egg binding.   
  
42 
 DNPEP has also been identified in the mouse [7], rat [16] and human [15] 
sperm proteomes and a recent MS study identified DNPEP in bovine epididymosomes 
from both the caput and cauda epididymis [58].  Epididymosomes have been 
proposed to play a role in the transfer of proteins to sperm during the maturation 
process in the epididymis.  However, only a few proteins are known to be acquired 
by this mechanism.  While it remains unclear whether DNPEP is added to sperm via 
epididymosomes during the maturation process, this protein has been suggested to 
play a role in remodeling epididymal sperm components [58].  A previous study 
identified DNPEP in mouse cauda epididymal sperm and found that peptide intensity, 
as measured by MS, increased more than 2 fold in capacitated sperm suggesting 
significant post-translational modification [59].  This study also predicted that DNPEP 
has a phosphorylation motif, and thus may undergo posttranslational modification 
during capacitation.   
 NPEPPS, a puromycin sensitive aminopeptidase, was also identified in the rat 
and human sperm proteomes and is believed to play a role in male fertility and 
protection against protein aggregation [60].  NPEPPS deficient mice exhibit a wide 
range of phenotypes including loss of behavioral mating activity, germ cell 
degeneration, lower testis weight, sperm number and sperm motility [61].   
ADAM Proteins 
 Hydrolases were one category of catalytic proteins found to be highly 
enriched in the MacSP (p=4.83 e-12) and include peptidases and, in particular, 
metalloproteases.  The MacSP contains several members of the ADAM (a-disintegrin 
and metalloprotease) family of proteins including ADAM1, 2, 10, 30, 32.  These 
ADAMS, excluding ADAM10, are known to exhibit testis specific or testis-biased 
expression and have been previously identified in mature sperm.   
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 ADAMs 1 and 2 are expressed as heterodimers on the sperm surface and are 
essential for sperm migration through the female reproductive tract, zona pellucida 
binding on the egg, and have also been suggested to play a role in the regulation 
and localization of sperm proteins [62].  Although present in many non-human 
primates, ADAM1 is nonfunctional in humans as a result of a variety of mutations 
that disrupt the reading frame [63].  While many ADAMs involved in reproduction 
and expressed on the sperm surface have found to be under positive selection 
[7,64], in the macaque the adhesion domain of ADAM2 has been found to be under 
accelerated evolution [64].  The function of ADAMs 30 and 32 in sperm is unknown, 
however previous work [65,66] determined that they were localized on the sperm 
surface, and ADAM32 has been suggested to play a role in sperm development or 
fertilization. Notably, ADAM30 is not found on the surface of testicular sperm [65] 
suggesting that it may be acquired during epididymal transit.  
 Additionally, we identified ADAM10 in the MacSP, which to our knowledge is 
the first time this ADAM has been identified as a constituent of mature sperm.  
ADAM10 is expressed in a variety of tissues and is highly expressed in the central 
nervous system [67].  Previous studies have attempted to generate ADAM10 
knockout mice, and while heterozygous males have normal phenotypes and are 
fertile, homozygous mice are not viable and die early in embryogenesis [68].  
Although fertile, this study did not assay whether heterozygous males exhibited a 
reduction in fertility or abnormal sperm physiology or number, which remains to be 
elucidated.  ADAM10 did not exhibit signs of positive selection in the mammalian 
lineage [64] which suggests that ADAM10 may play a role in a conserved cellular 
process unrelated to sperm-egg binding.  Although the role of ADAM10 in mature 
sperm has yet to be investigated, it may play a role in DNA damage induced 
apoptosis as ADAM10, along with ADAM17, increase in abundance and cell surface 
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localization in rat spermatocytes during DNA damage induced apoptosis [69].  
ADAM10 has previously been implicated in the NOTCH or EGFR signaling pathways.  
Given the known role of the EGFR signaling pathway in both capacitation and the 
acrosome reaction (reviewed in [70]), ADAM10 may play a role in one or both of 
these processes.   
 The MacSP also contains 3 ADAM-like proteins annotated as ADAM18, 20, and 
21-like.  Protein BLAST queries of these proteins identified higher similarity to other 
ADAMs, and further examination of the ADAM family phylogenies using all available 
ADAM sequences (obtained from NCBI) for the human, chimpanzee, mouse, and rat 
clearly places ADAM18, 20 and 21 in their own monophyletic group (Figure 1.4).  
This analysis allowed us to assign ADAM18-like to the ADAM3-, the ADAM20-like to 
the ADAM4- and ADAM21-like to the ADAM6-groups.  Interestingly, human ADAMs 3, 
4, & 6 are annotated as pseudogenes [70,71] and thus are not present in the human 
protein database.  This most likely explains the mis-annotation of the macaque 
ADAMs 3, 4 & 6 given that annotation of the macaque proteome was likely largely 
based on the human [6].  While the human genome contains two copies of ADAM3 
(CYRN1 & CYRN2), a previous study demonstrated that 27% of fertile men carry a 
large deletion in CYRN1 and CYRN2 contains stop codons in all three reading frames 
[72].  Although CYRN1 and CYRN2 are transcribed, they are not translated and are 
thus nonfunctional [72].  Most pseudogenes exist as disabled copies of functional 
parent genes, however a recent study identified ADAM3 as a unitary pseudogene in 
humans.  A unitary pseudogene has no correlated functional parental gene, and loss 
of ADAM3 function is thought to have occurred in the human lineage after human-
chimpanzee divergence [71].  Likewise, the human ADAM4 genes contain a number 
of stop codons, while the ADAM6 gene has a frameshift mutation, resulting in non-
functional pseudogenes [62].  The identification of orthologs of ADAM3, 4 and 6 in 
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the MacSP provides empirical evidence of sperm genes functioning in primate taxa 
which have been subsequently lost in the human lineage.  In species for which 
ADAMs 3, 4 & 6 have been studied, they exhibit testis-biased expression and have 
been identified in sperm (reviewed in [66]).  
 Despite the widespread use of rodents in studies of male infertility, non-
human primates (especially Old World Monkeys such as the Rhesus macaque) are 
indispensable models for the study of a wide range of physiological, hormonal and 
molecular reproductive processes in humans.   Characterization of the macaque 
sperm proteome, using highly sensitive and robust proteomic and statistical 
methodologies, has identified a wealth of proteins with identified or predicted 
functions in human or mouse sperm and therefore provides a power foundation for 
future molecular genetic studies of human spermatogenesis and, importantly, studies 
which link population-level genetic variation to sperm function and competitive 
ability.  Previous studies using similar proteomic approaches in humans have been 
limited by the availability of "pure" sperm isolated form the epididymis, further 
emphasizing the relevance of the macaque as a model for the study of male fertility.  
The macaque sperm proteome has also highlighted specific cases where the 
molecular basis of sperm is divergent between closely related primate species and 
thus provides novel empirical support for the rapid evolution of genetic systems 
which differentiate humans from the closest relatives. 
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CHAPTER 2 
Sperm Proteome Maturation in the Mouse Epididymis 
Publication Note 
This research has been submitted for publication. Skerget S, Rosenow M, Petritis K, 
Karr TL. Sperm Proteome Maturation in the Mouse Epididymis. 2013. 
Introduction 
Advances in mass spectrometry and bioinformatics have greatly increased our 
understanding of sperm composition and function.  Sperm proteome data now exists 
for several mammalian species, including the mouse, rat, human, macaque and bull 
[7,16,18–20,73,74].  While a better understanding of the composition of mature 
sperm is emerging, our understanding of the complex post-testicular sperm 
maturation process in mammals is considerably lacking.  In this study, we use 
proteomics to inform a systems level understanding of the complex maturation 
process that occurs in the mammalian epididymis. 
In mammals, sperm mature and gain fertilization competency as they 
traverse a specialized duct called the epididymis.  This tissue can be generally 
separated into three distinct but conserved morphological segments termed the 
caput (proximal), corpus (middle), and cauda (distal) epididymis (Figure 2.1).  When 
sperm leave the testis and enter the caput epididymis, they are considered immature 
and are incapable of fertilization.  During epididymal transit, sperm lose or modify a 
number of their surface proteins and gain additional transient or permanent surface 
proteins in a well-organized manner.  To date, a small number of proteins including 
CRISP1, ADAM7, GPX5 and SPAM1 are added to sperm during epididymal transit 
[75–78].    Although it is well accepted that modification of sperm during epididymal 
transit ultimately confers both motility and fertilization competency to sperm, the 
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process remains poorly understood [5].  The epididymis also contains a number of 
distinct microenvironments that interact with sperm, although a detailed 
understanding of the role of these microenvironments remains to be elucidated 
(reviewed in [79]). 
Expressional profiling and principal component analysis identified 6 
transcriptionally distinct segments in the mouse epididymis [8].  However, because 
microarray data may not necessarily directly reflect protein levels (reviewed in [80]), 
it is important to correlate transcriptomic data with concomitant changes in sperm 
composition to provide a thorough understanding of the sperm maturation process.  
An overall understanding of the process would therefore benefit from a detailed 
analysis of these segmental sperm proteomes. 
A number of MS studies have previously characterized the mouseSP at 
different stages of development and in various subcellular compartments, including 
the cell membrane, acrosome, and accessory structure of the flagellum [81,82].  A 
recent study identified 2116 proteins in haploid germ cells undergoing 
spermiogenesis [83].  A previous study of the mouse caputSP identified 205 proteins 
[7].  Several studies have also characterized the proteome of sperm isolated from 
the cauda epididymis, identifying between 858 and, more recently, 2850 proteins 
[73,84].   
In this study, we employed MS to characterize the mouse sperm proteome 
(mouseSP) from the caput, corpus and cauda epididymis, identifying 1536, 1720 and 
1234 proteins in each segment respectively.  Overall, a total of 2221 unique proteins 
were identified across all three segments.  Further, we found that 765 sperm 
proteins were common to all three segments, and overall a substantial number were 
either added (732 proteins) or removed (1034 proteins) during epididymal transit.   
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To our knowledge, this is the first study to investigate the corpusSP and to identify 
the SP from multiple segments of the epididymis in the same study.  Combined with 
associated network and bioinformatic analyses, these results provide new insights 
into the timing, assembly and remodeling of the sperm during maturation.   
Experimental Procedures 
Tissue preparation and isolation of sperm 
Intact epididymides were harvested from five euthanized adult male mice 
(Mus musculus) and placed in PBS on ice.  Each epididymis was then defatted, 
separated from the testis and vas deferens and cut into three segments, 
corresponding to the caput, corpus, and cauda epididymis, based on morphological 
analysis.  Tissue samples were pooled, resulting in three tubes each containing 10 
caput, corpus or cauda segments in phosphate-buffered saline (PBS).  Tissue from 
each segment was gently macerated using a hand homogenizer and left on a rocker 
on ice for 30 minutes.  The supernatant was drawn off, from which sperm were 
purified using repeated round of centrifugation and pellet resuspension.  Following 
each pellet resuspension, sperm purity was assessed using a DNA-based 
fluorescence assay.  Equal 5µl aliquots of sperm were mounted on a microscope slide 
along with an equal volume of PBS containing 1.0µg/ml of 4',6-diamidino-2-
phenylindole (DAPI; Invitrogen) and subsequently examined using fluorescence 
microscopy. 
Protein Solubilzation and Quantitation 
 Sperm samples were solubilized in SDS and quantified using the EZQ® 
Protein Quantitation Kit (Invitrogen, Inc).  Protein fluorescence was measured using 
a Typhoon Trio+ (Amersham Biosciences/GE Healthcare) equipped with a 488nm 
laser and 610nm bandpass filter.  ImageQuant™ TL software was used to analyze 
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fluorescence data.  A standard curve was generated using fluorescence data from 
control samples of known concentration and used to determine sperm sample 
concentration.  
1-Dimensional SDS-PAGE 
 A 1mm 10% NuPAGE® Novex® Bis-Tris Mini Gel was set up using the XCell 
SureLock Mini-Cell system (Invitrogen) as per manufacturer’s instructions for 
reduced samples.  50µg of mouse sperm from each of the caput, corpus, and cauda 
epididymis were loaded and the gel was run for 35 minutes at a 200V constant.  
Following electrophoresis, the gel was stained using SimplyBlue™ SafeStain 
(Invitrogen) and destained as per manufacturer’s instructions.  The gel was 
transferred to a gel slicer (built in house) and each of the 3 lanes was separated 
from the rest of the gel by cutting vertically.  Each lane was then cut horizontally into 
16 equal gel slices.  Each gel slice was further cut into smaller (approximately 
1x1x1mm) pieces which were transferred to a 0.6mL microcentrifuge tube (16 tubes 
per segment, for 48 total tubes) and were stored at -80°C until needed. 
In-Gel Digestion of Proteins / MS Analysis 
 A standard in-gel digestion protocol was performed on each gel slice as 
described previously [25].  Gel slices were further destained using 50mM ammonium 
bicarbonate/50% acetonitrile and dehydrated with 100% acetonitrile.  Proteins were 
reduced and alkylated by treatment with dithiothreitol and iodoacetamide and 
subsequently digested using 20ng/µl trypsin.  Protein digests were extracted with 
5% formic acid and 50% acetonitrile, and dried down using a vacuum centrifuge.  
Resulting peptides were reconstituted in 20µl of 0.1% formic acid.   
 Extracted peptides were analyzed by nanoflow reverse phase liquid 
chromatography using a nanoAcquity LC system (Waters) coupled in-line with the 
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linear trap quadrupole (LTQ) Orbitrap Velos instrument (Thermo Fisher Scientific). 
The nano LC system included a Symmetry C18 5μm 180μm×20mm trap column and 
a BEH130 C18 1.7μm 100μm×100mm analytical column (Waters). Mobile phases A 
and B consisted of 0.1% formic acid in water and 0.1% formic acid in acetonitrile, 
respectively.  Samples were loaded onto the trap column for desalting and pre-
concentration with 99%:1% mobile phase A:B at a flow rate of 5µl/min for 3 
minutes. Peptides were separated on the analytical column at a flow rate of 
500nl/min with a two-step linear gradient consisting of 7% B to 25% B in 72 minutes 
and 25% B to 45% B in 10 minutes. The electrospray ion source consisted of a 
nanospray head (Thermo Fisher Scientific) coupled with a coated PicoTip fused silica 
spray tip with OD 360μm, ID 20μm, and 10μm diameter emitter orifice (New 
Objective, Inc.). Samples were analyzed using positive ion spray voltage and heated 
capillary temperature of 1.9kV and 220°C, respectively. 
 Mass spectrometry data were collected with the instrument operating in data 
dependent MS/MS mode. MS survey scans (m/z 300-2000) were acquired in the 
Orbitrap analyzer with a resolution of 60,000 at m/z 400 and an accumulation target 
of 1×10^6. This was followed by the collection of MS/MS scans of the 15 most 
intense precursor ions with a charge state ≥2 and an intensity threshold above 500 
in the LTQ with the accumulation target of 10,000, an isolation window of 2Da, 
normalized collision energy of setting of 35%, and activation time of 30ms. The 
tandem MS spectrum was acquired with dynamic exclusion using a repeat count of 1, 





Peptide identification and protein annotation 
 The mass spectra data files were analyzed using X!Tandem (The GPM; version 
2009.10.01.1) searched against the NCBI Mus musculus protein fasta file (dated 
3/4/2011, with 29617 entries).  X!Tandem was searched with a fragment ion mass 
tolerance of 0.50Da and a parent ion tolerance of 2.0Da.  Iodoacetamide derivative 
of cysteine was specified as a fixed modification, while oxidation of methionine was 
specified as a variable modification.  Results were merged using Scaffold (Proteome 
Software) version 3.4.9 in which protein probability False Discovery Rates (FDRs) 
were calculated by using the assigned protein probabilities estimated from the 
results of Peptide and Protein Prophet.  Peptide identifications were accepted if they 
could be established at greater than 90.0% probability as specified by the Peptide 
Prophet algorithm [26] and protein identifications were accepted if they could be 
established at greater than 99.0% probability and contained at least 2 identified 
peptides.  Protein probabilities were assigned using the Protein Prophet algorithm 
[27].  Proteins that contained similar peptides and could not be differentiated based 
on MS/MS analysis alone were grouped to satisfy the principles of parsimony. 
 Protein identifications from Scaffold after analysis with X!Tandem consisted of 
Mouse RefSeq (NCBI) protein IDs.  These protein IDs were entered into BioMart 
(biomart.org, version 0.7) using the Ensembl Genes 69 (Sanger UK) Mus musculus 
genes (GRCm38) to obtain cross-referenced Ensembl Gene IDs and associated gene 
names.   
Phenotype Analysis 
 Ensembl gene IDs for proteins identified in the caputSP, corpusSP and 
caudaSPs were inputted into Biomart using the Ensembl Genes 69, Sanger UK 
database to obtain corresponding MGI IDs.  The resulting MGI IDs were inputted into 
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Biomart using the MGI, Jackson Laboratory US, Genes & Genome Features database 
to obtain corresponding phenotype IDs and phenotype terms.  These results were 
curated to include phenotype terms associated with abnormal sperm morphology or 
processes.  Phenotypes, associated MGI Phenotype IDs and associated genes from 
the mouse caputSP, corpusSP and caudaSPs can be found in Table 2.4.   
Gene Ontology Analysis 
 Gene group functional profiling (g:GOSt) was used to individually analyze the 
Gene Ontology (GO) category distribution for the caputSP, corpusSP and caudaSP 
[28] while the compact compare of annotations (g:Cocoa) function was used to 
compare the (GO) category distribution across the three datasets [85].  For each 
analysis, the organism was set to Mus musculus and Ensembl gene IDs 
corresponding to the caputSP, corpusSP and caudaSP were used for the query.  In 
total, 1523 caputSP, 1706 corpusSP and 1216 caudaSP Ensembl IDs were input.  The 
significance threshold was set to Benjamini-Hochberg FDR (False Discovery Rate). 
Network Analysis 
 All network analyses were conducted using the ClueGo plugin (v2.0.1) for 
Cytoscape (v3.0.0) [29].  Figure 2.2 compared GO Biological Process Annotations 
(downloaded 19.02.2013) for proteins added (732 proteins) and removed (1034 
proteins).  Statistical tests for gene enrichment (right-sided hypergeometric test) 
with Benjamini-Hochberg multiple test correction was implemented.  Network 
parameters were set as follows: GO Tree Levels (min = 1, max = 8), GO term 
restriction (min#genes = 5, min% = 3), and GO Term Connection Restriction (Kappa 
score threshold = 0.3).  Only terms with a p-value ≤ to 0.05 were shown, and 
resulting groups consisted of a minimum of 3 terms and groups sharing >50% of 
terms were merged.   
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 The Figure 2.3 compared GO Immune System Process Annotations 
(downloaded 19.02.2013) for proteins found in the caputSP (1536 proteins) and 
caudaSP (1234 proteins).  Statistical tests for gene enrichment (right-sided 
hypergeometric test) with Benjamini-Hochberg multiple test correction was 
implemented.  Network parameters were set as follows: GO Tree Levels (min = 1, 
max = 5), GO term restriction (min#genes = 2, min% = 1), and GO Term 
Connection Restriction (Kappa score threshold = 0.3).  Resulting groups consisted of 
a minimum of 3 terms and groups sharing >50% of terms were merged.  It should 
be noted that curation of the GO Immune System Process Annotations is an ongoing 
process and thus, some genes, especially species specific immunity genes likely 
remain unannotated.   
The mouse caputSP, corpusSP and caudaSPs contain a number of β-defensins 
that are not annotated as part of the GO Immune System Process ontology.  Since 
many β-defensins exhibit region specific expression in the epididymis, for each β-
defensin identified in this study, we determined the corresponding region of the 
epididymis with the highest expression based on expression data collected from two 
previous studies conducted in the mouse and rat [8,86].  Data from Johnston et al. 
was accessed via the Mammalian Reproductive Genetics website 
(http://mrg.genetics.washington.edu/).  Human orthologs for each of the β-
defensins were identified using Ensembl (ensembl.org).   A summary of this 
information, which also includes the epididymal segment(s)  in which each β-
defensin was identified in this study, as well as known sperm functions, can be found 




Dynamic changes in sperm proteomes in the epididymis 
Tryptic peptides from sperm proteins isolated from the caput, corpus and 
cauda regions of the mouse epididymis were analyzed by mass spectrometry.  Our 
analyses identified 10951, 12634 and 8456 unique peptides and 1536, 1720, and 
1234 proteins, respectively, from each of the segments.  Overall, 2221 unique sperm 
proteins across all three segments were identified with an average protein coverage 
of ~25 percent (Table 2.1, Supplemental Table 2.1).  The average number of peptide 
hits per protein across all segments was approximately 7.   A ‘core’ sperm proteome 
of proteins common to all three segments (765 proteins) was also identified by this 
approach (Figure 2.1).   
 
Table 2.1. Summary of MS Results 
 Caput Corpus Cauda 
Total proteins identified 1536 1720 1234 
Total peptides identified 10951 12634 8456 
Average percent protein coverage 25.22% 25.19% 25.09% 





Figure 2.1. Summary and details of sperm proteomes derived from the three major 
regions of the mouse epididymis. (A) Graphical representation of epididymis.  
Different colors represent the 6 distinct transcriptional segments previously identified 
by (14).  Numbers within the epididymis indicate the number of proteins identified in 
the caputSP (1536), corpusSP (1720) and caudaSP (1234), respectively. Proteins 
added (protein gain), or removed (protein loss), from sperm between segments are 
displayed above and below the epididymis.  In total, 732 proteins were added and 
1034 proteins were removed (1766 total) from sperm during epididymal transit.  (B)  
Venn diagram illustrating the overlap of protein identification between the three 
epididymal segments.  765 proteins were found to be common to sperm from all 
segments.  (C) Proportion of proteins gained and lost by segment. 
 
The core sperm proteome was used to further identify proteins added to, or 
removed from, the three regions of the epididymis (Figure 2.1; Supplemental Table 
2.2).  This analysis revealed rather dramatic, dynamic changes in the SP from during 
transit through the epididymis.  Compared to the caputSP, the corpusSP contained 
527 additional proteins, suggesting these proteins are added to sperm during transit 
out of the caput.  Similarly, the caputSP contained 343 proteins not detected in the 
corpusSP, suggesting these proteins are removed during transit.  Likewise, the 
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caudaSP contained 486 fewer proteins than the corpusSP (1720 vs. 1234, 
respectively); the combined result of 205 proteins added to, and 691 lost from, the 
corpusSP during transit to the caudaSP.  Therefore, sperm undergo substantial 
changes during epididymal transit and overall 732 proteins were acquired and 1034 
proteins lost by sperm during epididymal transit.    
Spectral Counts 
The 20 most abundant proteins across the three segments are ranked in 
Table 2.2 by spectral counts, which provide a semi-quantitative estimate of protein 
abundance [35].  The most abundant class of proteins in the caputSP are keratins 
(11/20).  This list includes LOC239673 that appears, by BLAST searches, to be an 
unannotated keratin.  Although keratins are typically attributed to sample 
contamination, the majority of these have been found to be present in the human 
sperm nucleus and were also found to be highly abundant in the Rhesus macaqueSP 
[15,74].  Keratins not only serve structural roles, but are also thought to play a role 
in a variety of cellular processes including protein transport, rapid and localized 
restructuring, differentiation and proliferation (reviewed in [87]). One of the most 
abundant keratins identified in the sperm proteome, KRT5, is involved in sperm head 
shaping [88].   
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Table 2.2. Top 20 proteins in the caputSP, corpusSP and caudaSP by spectral count 
 
 Caput Corpus Cauda 






1 LOC239673 812.19 AKAP4 1730.39 AKAP4 3391.86 
2 KRT5 720.26 ODF2(E) 415.06 LOC100503160 2455.21 
3 KRT7 698.63 LOC239673 413.14 ODF1 890.25 
4 KRT6A 692.15 ODF2(F) 408.34 ODF2(E) 828.39 
5 AKAP4 681.33 KRT73 388.16 ODF2(F) 816.79 
6 KRT85 649.97 KRT5 367.99 FABP9 637.97 
7 KRT75 647.80 ATP5B 356.46 LDHC 611.87 
8 KRT14 617.52 FABP9 355.49 OXCT2B 605.10 
9 KRT42 523.44 ATP5A1 343.00 GAPDHS 590.6 
10 KRT17 480.18 VDAC2 336.28 AKAP3 572.24 
11 ATP5B 456.38 OXCT2B 325.71 TUBB4B 516.17 
12 KRT1 445.57 LDHC 317.06 GSTM5 503.61 
13 DSP 421.78 KRT6A 315.14 TUBA3A 489.11 
14 ATP5A1 389.33 KRT75 308.42 LOC239673 483.31 
15 HSPA5 370.95 SLC25A5 306.49 FSIP2 440.78 
16 KRT2 367.70 AKAP3 301.69 LDHAL6B 433.04 
17 HSP90B1 355.81 KRT14 299.77 TUBA1A 431.11 
18 JUP 346.07 FSIP2 287.28 KRT5 419.51 
19 Gm4846 336.34 ODF1 281.51 TUBB4A 419.51 
20 GOT2 302.81 GOT2 276.71 KRT85 409.85 




While keratins are still highly abundant in the corpusSP (6/20), the most 
highly abundant proteins are AKAP4 and isoforms of the outer dense fiber protein, 
ODF2.  The most abundant proteins in the caudaSP include AKAP4 and 
LOC100503160 (AKAP4-like).  AKAP4 has consistently been identified as an 
abundant protein of sperm in a variety of species and results from this study suggest 
that AKAP4 increases in relative abundance as sperm traverse the epididymis 
[17,74].  LOC100503160, which is annotated as an AKAP4-like partial protein, was 
only identified in caudaSP.   
Interestingly, 17/20 of most abundant proteins identified in the caudaSP were 
also found to be present in the caputSP and corpusSP, which suggests that these 
proteins increase in abundance, or that competing proteins decrease in abundance in 
sperm as they traverse the epididymis.  Orthologs of the most abundant cauda 
sperm proteins (7/20) were similarly identified as the most abundant proteins in 
sperm obtained from the cauda epididymis of the Rhesus macaque [74].  
Obtaining the SP from three segments of the epididymis allowed the 
identification of proteins which are potentially added and removed from sperm during 
transit through the epididymis.  When comparing the caput and corpusSP, we 
identified 527 proteins in the corpusSP that are not found in the caputSP, suggesting 
that these proteins are added to sperm during transit between these two sections.  
Similarly, 343 proteins identified in the caputSP are not identified in the corpusSP, 
suggesting that these proteins are removed from sperm.  When comparing the 
corpusSP and caudaSP, we identified 205 proteins that are added, while 691 proteins 
are removed.  In total, we identified 732 proteins that are acquired and 1034 




We note that there are 60 sperm proteins identified in this study with known 
sperm phenotypes including abnormal sperm morphology and abnormal sperm 
processes (Table 2.3).  One third (20/60) of these proteins were identified in this 
study as being added to sperm during epididymal transit (bolded in Table 2.3) and 
include ADAM3, CD46, CD59B, CNPY4, CRISP1, H2-AB1, H2AFX, HSPA4L, MNS1, 
NPC1, PRKAR1A, RSPH1, SEPT4, SERPINE2, S100A11, SPAM1, SPINK2, THEG, TKT, 
and TSSK1.  A serine protease inhibitor, CRISP1 involved in sperm-egg binding and 
regulation of capacitation, is known to be secreted into epididymal fluid and has been 
shown to be associated with cauda, but not caput sperm in the rat [77]. We 
identified CRISP1 in sperm from both the corpus and cauda epididymis, and previous 
proteomic studies of identified CRISP1 in caput sperm, suggesting that this protein 




Table 2.3. Mouse caput, corpus and cauda sperm proteins with sperm phenotypes.  
Proteins found to be added to sperm during epididymal transit in this study are 






Acrosome 2686, 8839, 
8898 
Ppp1cc, Spaca1, Spesp1, Zpbp 
Axoneme 9838 Mns1, Odf2, Spag6, Tekt2, Theg, Vdac3 
End piece 9837 Akap4 





Akap4, Atp1a4, Gpx4, Mns1, Npc1, Oaz3, Odf2, 
Ppp1cc, Prss21, Sept4, Spag6, Spaca1, Spink2, Tekt2, 
Theg, Zpbp 
Midpiece 9831 Odf2, Ppp1cc, Spag6 
Mitochondrial 
sheath 
9832, 9833 Akap4, Gpx4, Mns1, Ppp1cc, Sept4, Vdac3 
Nucleus 9232 Gpx5, Theg, Zpbp 
Principal piece 9836 Akap4, Gpx4, Mns1, Ppp1cc, Sept4, Spag6 
Spermatid 6380 Acox1, Hsd17b4, Mns1, Npepps, Ppp1cc, Rsph1, 
Sgpl1, Spaca1, Theg, Tssk1, Zpbp 
Sperm head 9230, 9234 Cd59b, Fabp9, Gpx4, Npc1, Ppp1cc, Spaca1, Spag6 
Sperm physiology 4543 Akap4, Crisp1, Ppp1cc, Prss21, Rsph1, Sept4, 
Spam1, Spesp1, Zan 
Impaired  / Abnormal Process 
Acrosome reaction 4542 Adam3, Npc1, Mgfe8, Oaz3, Prss21 
Capacitation 3666 Atp1a4, Sept4 
Fertilization 242, 5410, 
5411, 9647 
Adam3, Atp1a4, Cd46, Gpx4, Npc1, Prss21,  
Spam1, Spesp1 




Acox1, Adam3, Akap4, Ascl4, Atp1a4, B4galnt1, 
Bckdk, Capza3, Cav1,Chdh,  Cib1, Cnpy4, Dnahc1, 
Dync1h1, Entpd5, Gatm, Gnpat, Gpx4, Gpx5, H2-Ab1, 
Hsd17b4, Hspa4l, Mfge8, Mns1, Myo6, Npepps, 
Npc1, Oaz3, Odf2, Pomgnt1, Ppp1cc, Prkar1a, Rhcg, 
Rpl38, Rsph1, Sept4, Serpine2, Sgpl1, Spaca1, 
Spag6, Spink2, Tekt2, Theg, Tkt, Tpst2, Tssk1, 
Vdac3, Zpbp 
Meiosis 4901, 8261 Gnpat, Endpd5, H2afx, Ppp1cc 
Motility 2674, 2675, 
9280, 9282 
Akap4, Atp1a4, Cd59b, Chdh, Dnahc1, Hspa4l, 
Mns1, Npepps, Odf2, Prss21, Sept4, Spaca1, Spag6, 
Tekt2, Theg, Tssk1, Vdac3, Zpbp 
Spermatogenesis 1155, 1156 Acox1, Cib1, Gatm, Hsd17b4, Hspa4l, Npc1, Npepps, 
Prss21,  Sgpl1, Spaca1, Tssk1, Zpbp 
Spermiogenesis 1932, 8279 Cib1, B4galnt1, Ppp1cc, Capza3, Sept4 
Sperm number 2673, 2687, 
5159 
Cib1, Gnpat, Capza3, Hspa4l, Mns1, Npc1, Npepps, 
Oaz3, Ppp1cc, Prss21, Rsph1, S100a11, Spink2, 
Tssk1, Tpst2 
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GO Analysis of the Caput, Corpus and Cauda SP 
Biological Processes 
Many biological process GO categories are enriched in the caputSP, corpusSP 
and caudaSPs that can provide clues about the broad function of different regions of 
the epididymis.  For example, all three are enriched for proteins involved in 
localization, however the caputSP (p = 7.69 e-45) exhibits a greater enrichment than 
the corpusSP (p = 2.99 e-30) and caudaSP (p = 1.12 e-10).  More specifically, 
proteins involved in lipid localization are highly enriched in the caputSP (p = 9.54 e-
4) and corpusSP (p = 1.04 e-3), but not in the caudaSP.  Proteins involved in protein 
localization are also enriched in the caputSP (p = 4.33 e-18) and corpusSP (p = 4.09 
e-14) but are far less prominent in the caudaSP (p = 2.07 e-3).  These results 
suggest that localization proteins in the caputSP and corpusSP may be involved in 
sperm remodeling and localization of sperm proteins added during transit through 
the epididymis.  
Proteins involved with translation are enriched in the caputSP (n = 134, p = 
1.85 e-32), corpusSP (n = 131, p = 1.52 e-26) and caudaSP (n = 62, p = 5.56 e-5), 
however the number of proteins identified in this category decrease along the length 
of the epididymis, especially between the corpus and cauda regions.  Specifically, we 
found that proteins involved in glycoprotein biosynthetic processes are enriched in 
the caputSP (n = 42, p = 2.65 e-11) and corpusSP (n = 27, p = 5.10 e-3).   A recent 
analysis of the mouse caudaSP also found that proteins associated with translation 
are enriched in sperm, suggesting that some level of translation may occur in sperm 
within the epididymis or that remnants of translational machinery remains in these 
cells after testicular maturation (19).  In addition, proteins involved in glycosylation 
are enriched in the caputSP (n = 35, p = 1.78 e-11) and corpusSP (n = 24, p = 3.78 
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e-4), but not the cauda epididymis where only 12 proteins associated with 
glycosylation are identified.  
Cellular Components 
A large proportion of proteins identified in the caputSP, corpusSP and 
caudaSPs are annotated as membrane proteins.  Membrane proteins are enriched in 
the caputSP (n = 859, p = 7.54 e-48), corpusSP (n = 857, p = 2.23 e-27) and 
caudaSP (n = 571, p = 1.63 e-8), and the number of membrane proteins identified 
declines as sperm traverse the epididymis, especially from the corpus to cauda.  
Because many of these proteins are likely found on the sperm surface, this reduction 
may reflect the pruning of sperm surface proteins during the maturation process.     
Proteins associated with the flagellum are also enriched in the caputSP (n = 
24, p = 3.61 e-10), corpusSP (n = 32, p = 1.98 e -16) and caudaSP (n = 35, p = 
7.21 e-24).  This enrichment correlates with an increase in the number of proteins 
associated with the flagellum along the length of the epididymis.  Many of the 
proteins that appear to be added in the corpus and cauda are sperm specific and 
have previously been found to play a role in sperm motility.  For example, 
CATSPERB, GAS8, IQUB, SEPT4, SEPT12, SORD, TSSK1 and TXNDC8 were identified 
in corpus, but not caput sperm, while AKAP14, CATSPERG2, CCDC135 and SPA17 
were identified in cauda, but not corpus sperm.  None of the aforementioned proteins 
were found in the previously reported mouse caput sperm proteome suggesting that 
these proteins are acquired by sperm during epididymal transit and that these 
proteins play a key role in the acquisition of motility [7].  
Proteins comprising the proteasome complex are also enriched in the caputSP 
(p = 8.00 e-1), corpusSP (p = 1.00 e-8) and caudaSP (p = 7.8 e-10).  Accordingly, 
the number of proteasome proteins found in the sperm proteome increases as sperm 
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progress from the proximal to the distal end of the epididymis.  In total, 27 
proteasome proteins were identified in mouse sperm, including 11 in the caputSP, 23 
in the corpusSP, and 23 in the caudaSP.  Although the number of proteasome 
proteins identified in the corpus and cauda are the same, the identified proteins 
differ and the number in the cauda represents a larger proportion of the overall 
proteome (23/1345) than in the corpus (23/1817).   The 26S proteasome is 
conventionally involved in the degradation of ubiquitinated peptides and proteins, 
and is thought to play a role in a variety of processes central to sperm function 
including sperm remodeling, capacitation, and the acrosome reaction [48,49].  
The proteasome proteins identified in this study comprise various components 
of the 26S proteasome, including the 20S core and 19S regulatory particle, as well 
as alternate proteasome activators (PA200 & PA28) and proteins which assist in 
proteasome assembly or regulation.  PSMA1-7 and PSMB1-7 comprise 20S core 
particle, while PSMD1, 2, 6 & 7 are components of the 19S regulatory particle.  
PSMA8, a sperm-specific paralog of PSMA7, was also identified however its function 
has yet to be elucidated.  PSMG1 & PSMG2 form a heterodimer which promotes 
assembly of the 20S core subunit and is subsequently degraded by the 20S subunit 
following assembly [51].  In addition, PSMG1 & 2 likely also plays a role in 
preventing dimerization of α-rings [89]. 
PSME4, also known as PA200, is an alternate proteasome activator which has 
been proposed to replace the 19S regulatory complex at one or both ends of the 20S 
core particle and play a role in DNA double strand break repair [52,53].   PSME4 
exhibits broad tissue expression, with the highest level of expression detected in the 
testis, and mice lacking PSME4 exhibit marked reduction in male, but not female, 
fertility as a result of pre- and post-meiotic defects in spermatogenesis, resulting in a 
reduction of normal sperm [54]. Finally, PSME1 & 2, which comprise the proteasome 
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activator 28 (PA28 complex) were also identified.  Like PA200, PA28 binds the 20S 
core subunit in place of the 19S regulatory particle at one or both ends of the 
proteasome to form the immunoproteasome complex [90,91].  Identification of 
PSME1 & 2 (PA28), as well as PSME4 (PA200) in the mouse SP, suggests that both 
26S, and alternate proteasome complexes, including immunoproteasomes may exist 
in sperm.   
Molecular Functions 
Consistent with other sperm proteomes, the majority of proteins in the 
caputSP, corpusSP and caudaSPs possess binding and/or catalytic functions 
[7,18,74].  Many binding proteins were identified in the caputSP (n = 943, p = 1.97 
e-16), corpusSP (n = 1025, p = 1.44 e-15) and caudaSP (n = 732, p = 5.52 e-08) 
and largely consist of proteins involved in small molecule binding, cofactor binding, 
and protein binding.  Catalytic proteins are greatly enriched in the caputSP (n = 795, 
p = 1.15 e-131), corpusSP (n = 812, p = 1.77 e-11) and caudaSP (n = 605, p = 
3.91 e-84), and consist largely of proteins with oxidoreductase, hydrolase and 
transferase activity.   
Finally, the caputSP (n = 127, p = 7.7 e-48), corpusSP (n = 131, p = 2.68 e-
46) and caudaSP (n = 78, p = 1.90 e-20) are also enriched in proteins that have 
structural molecule activity.  The number of proteins with structural molecule activity 
is greatly reduced from the corpusSP to caudaSP.  It is well known that restructuring 
and reshaping occurs in sperm as they mature in the epididymis, and thus the 
reduction in structural molecules in mature sperm may reflect the completion of 
many of these processes once sperm reach the cauda epididymis.   
One particular GO category, “structural component of ribosomes”, is also 
overrepresented in caputSP (n = 63, 3.31 e-38), corpusSP (n = 69, p = 1.55 e-42) 
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and caudaSP (n = 30, p = 1.10 e-10) sperm.  However, the number of proteins 
identified in the caudaSP greatly decreases, and as discussed above, the number of 
proteins related to translation also decline substantially from corpus to cauda sperm.  
This finding supports the idea that some level of translation may occur in sperm, 
particularly sperm in the caput and corpus, however these processes may be reduced 
or halted in caudal sperm. 
Added / Removed Proteins 
Of the 2221 proteins identified in the caputSP, corpusSP and caudaSP, 765 
are common across all three segments (Figure 2.1).  Comparison between 
proteomes revealed that 732 proteins are added and 1034 proteins removed from 
sperm during transit through the epididymis for a total of 1766 proteins.  In order to 
further study these 1766 proteins, a network analysis was conducted to find GO 
Biological Process terms that were enriched in each list (Figure 2.2).  We found that 
proteins added to sperm during transit are enriched for several GO categories related 
to sperm function and development including proteins involved in spermatogenesis, 
sperm capacitation, sperm-egg recognition, and motility (Table 2.4).  This finding is 
consistent with the widely accepted role of the epididymis in conferring fertilization 
competency and motility to sperm.  Finally, proteins related to mitochondrial protein 
processes, high-density lipoprotein particle clearance, mannose metabolic processes 
and response to nitrosative stress were also found enriched.  Proteins removed from 
sperm during transit are also enriched in a number of GO Biological Process terms 
including transport to golgi, ion transport and homeostasis, protein localization, 
metabolic processes and ATP transport (Table 2.4).  Many of these proteins may 
reflect processes critical for sperm remodeling (e.g., transport processes) and these 
proteins would necessarily be removed in the final maturation processes occurring in 
the cauda epididymis. 
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Figure 2.2. Network biological process diagram indicating functional enrichment of 
GO categories for proteins added (green) and removed (red) from sperm during 
epididymal transit.  Color legend at top indicates range of overlap shared by the 
datasets.  The varying shades of color represent nodes and clusters of functional GO 
categories biased towards proteins added (green) or removed (removed) during 





Table 2.4. GO Biological Process terms found to be enriched in the list of proteins 
that are added to the mouseSP during epididymal transit, as compared to proteins 
removed from the mouseSP during epididymal transit.   
 
Male gamete generation / Spermatid development & differentiation / 
Spermatogenesis 
 4930579C15Rik Bsph1 Klhl10 Sept4 Tcp11 
 Acsbg2 Cabyr Mycbp Sgpl1 Theg 
 Adam1b Catsperb Nme5 Spata20 Tssk1 
 Akap14 Catsperg2 Pgam2 Spata6 Tssk6 
 B4galnt1 H2afx Prkaca Spink2 Txndc3 
 Bag6 Htt Psme4 Sun5 Txndc8 
 Bax Immp2l    
Sperm capacitation 
 Bsph1 Cabyr Catsperb Prkaca Sept4 
Sperm-egg & sperm-ZP Binding 
 Adam1b B4galt1 Cct7 Spa17 Zp3r 
 Adam3 Cct3 Cct8 Spaca3  
High-density lipoprotein particle clearance 
 Gpld1 Lipg    
Mannose metabolic process 
 Man2a2 Man2b2 Mpi Pmm2 Tsta3 
 Man2b1 Man2c1    
Response to nitrosylative stress 
 Adh5 Gclm    
Flagellar cell motility 
 Ccdc39 Ccdc40    
Mitochondrial protein processing 
 Afg3l1 Immp2l    
 
Immune System Process / Immunity Genes 
Previous proteomics studies have identified a variety of immunity proteins in 
sperm (reviewed in [43]).  Using a network analysis, we investigated the distribution 
of immune system process categories in the caputSP, as compared to the caudaSP 
(Figure 2.3).   We found that the caputSP and caudaSP are enriched for proteins 
involved in different immune system processes.  For example, proteins involved in 
antigen processing and presentation, cell mediated cytotoxicity, leukocyte migration 
and chemotaxis, and leukocyte activation were enriched in the caputSP (blue nodes, 
Figure 2.3).  Meanwhile, proteins involved in respiratory burst involved in defense 
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response, negative regulation of T-cell receptor signaling pathways, regulation of 
humoral immune response and regulation of complement activation are enriched in 
the caudaSP (magenta nodes, Figure 2.3).  Proteins involved in the inflammatory 
response, as well as immune system development are present in an equal proportion 
in both the caputSP and caudaSPs (white nodes, Figure 2.3).     
During analysis of immunity proteins in the mouse caputSP, corpusSP and 
caudaSP it became apparent that β-defensins were not annotated as part of the GO 
Immune System Process ontology.  β-defensins are antimicrobial peptides that play 
a role in activating both innate and adaptive immune responses but have also 
evolved important roles in fertility and many also exhibit testis specific expression.  
We identified 9 β-defensins in the caputSP, corpusSP and caudaSPs, including 
DEFB2, 11, 19, 20, 22, 23, 29, 47, and sperm associated antigen 11B (SPAG11B).  
Interestingly, β-defensin mRNA expression patterns in the epididymis correlate with 
the corresponding protein ID by MS (Table 2.5).  For example, DEFB2 expression is 
maximal in the cauda epididymis precisely where the protein was identified, and 
DEFB23 expression is maximal in the corpus, also correlating with the MS data.  
DEFB20 expression was highest in the caput with measurable expression along the 
entire epididymis in concert with MS identification in all three sperm proteomes.   Of 
the 9 β-defensins identified in this study, only DEFB22 and SPAG11b have 





Figure 2.3. Network immune system process diagram depicting GO categories 
enriched in the caput (blue) and cauda (magenta) sperm proteomes.  The darker the 
node color, the stronger the enrichment while white nodes indicate an equal 














(Negative) Regulation of humoral immune response
(Negative) Regulation of complement activation









Table 2.5. The β-defensins identified in the mouse sperm proteome.  Segments of 
the epididymis and associated protein identified and regions of highest gene 
expression (based on transcriptional data from the mouse & rat) are shown. Known 
human orthologs and sperm functions are indicated.   
   















Defb2   X Cauda - Unknown 
Defb11  X X Cauda - Unknown 
Defb19  X X Caput / 
Corpus 
- Unknown 
Defb20 X X X Caput Defb1281 Unknown 








Defb23  X  Corpus Defb1291 Unknown 
Defb29  X  Corpus Defb116 Unknown 
Defb47 X   Unknown Defb1303 Unknown 
Spag11B X   Unknown Spag11A4 
Spag11B4 
Sperm motility 
and maturation  
1 1:1 ortholog 
2 1:1 ortholog, apparent 
3 1:many ortholog 
4 Possible ortholog 
 
Discussion 
In this study LC MS/MS was used to characterize the mouse sperm proteome 
from the caput, corpus and cauda epididymis.  Using strict criteria for peptide and 
protein identification, we identified 1536, 1720, and 1234 proteins in the caputSP, 
corpusSP, and caudaSP, respectively.  Previous studies have characterized the 
mouse caputSP and caudaSP, however, no prior study has characterized the 
corpusSP or analyzed the proteome of sperm obtained from multiple epididymal 
segments in the same study.  A previous study of the mouse caputSP identified 205 
proteins, of which 54% (110 proteins) were also identified in the caputSP in this 
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study [7].  In addition, a previous study [17] of the mouse caudaSP identified 858 
proteins (808 after the removal of protein variants, [7]), of which 57% (460 
proteins) were identified in the caudaSP.  A more recent study identified 2850 
proteins in the mouse caudaSP [84] of which 883 proteins were identified in the 
caudaSP in this study, representing an overlap of 31%.  Although it is noted that 
each of these studies employed different sample preparation techniques, methods for 
peptide and protein identification and mass spectrophotometers, the resulting 
overlap for the datasets was 31-57%. 
Interestingly, in terms of the number of proteins, sperm proteome complexity 
rose from caput (1536 proteins) to a maximum in the corpus (1720) and then 
decreased in the cauda (1234).  While the nature of these dynamic changes in sperm 
composition is yet to be determined, this study does establish the basic efficacy of 
using a high throughput proteomics approach to the study of sperm maturation in a 
mammalian model system.  Given that the study examined three broad 
morphological regions, details of sperm protein acquisition and loss during 
maturation await more refined studies of sub-regions of the epididymis.   
Across the epididymis, 765 proteins are common to all three segments 
defining a ‘core’ sperm proteome from which proteins are added and removed during 
sperm maturation.  Interestingly, more proteins were removed (1034) than added 
(732) during transit through the epididymis.  Thus the proteomic evidence suggests 
cellular mechanisms involved in the removal of sperm proteins represents an 
important and underappreciated component of the maturation process.  Regarding 
protein addition and insertion into sperm during transit, much recent attention has 
focused on epididymosomes thought to mediate protein insertion into sperm during 
transit (reviewed in [92]).  A recent proteomics study identified 762 proteins present 
in bovine caput and cauda epididymosomes [58].  Many of these proteins likely play 
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key roles in the sperm maturation process and sperm function, and thus, our data 
provides a rich foundation for future studies. 
GO Analyses  
A number of GO categories are differentially enriched in the caputSP, 
corpusSP and caudaSP.  Compared to the caudaSP, the caputSP and corpusSP are 
highly enriched in proteins involved in localization, including lipid and protein 
localization.  Several studies have documented that the lipid composition of sperm 
plasma membranes changes during epididymal transit, which is thought to lead to 
the increase in membrane fluidity observed in mature sperm [93].  Consistent with 
this, several biological process terms related to lipid metabolism, including lipid 
biosynthetic process, lipid catabolic process, lipid modification, and lipid transport are 
highly enriched in the caputSP and corpusSP.  These GO categories are significantly 
reduced in the caudaSP suggesting that the major elements of epididymal lipid 
reorganization in sperm occurs primarily in the caput and corpus epididymis, and 
they are subsequently degraded or lost during the final stages of the maturation 
process in the cauda epididymis. 
Components of the translation machinery including many structural 
components of the ribosome were found enriched in the caputSP, corpusSP and 
caudaSP.  However, the data indicates a gradient of enrichment in these GO terms 
from proximal to distal along the epididymis.  Ribosomal components have also been 
reported in other sperm proteomic datasets [7,16,17,74,84], suggesting that sperm 
may possess some level of translation capacity within the epididymis.  It has been 
demonstrated that mRNAs exist in post-testicular sperm, some of which are 
transferred to the egg at the time of fertilization [94].  Sperm-derived mRNAs may 
play a role in capacitation and in the early zygote development.  It is thus possible 
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that some mRNAs in sperm are translated during epididymal transit and contribute to 
the complex maturation process. 
Proteasome Proteins 
Components of the proteasome have been described in macaque, human and 
mouse sperm proteomes [5,7,74].  Consistent with these findings we identified 
proteasome proteins in all three segments of the epididymis including components of 
the 26S proteasome (consisting of the 20S core and 19S regulatory particle) and 
alternate proteasome activator PA200.  Also identified were PSME1 & 2 components 
of an additional alternate proteasome activator, PA28, a known element of the 
immunoproteasome complex.   The PA28 subunit enhances the ability of the 20S 
proteasome to produce peptides that can be bound by MHC class I molecules [95].  
Identification of PSME1 & 2 in sperm is interesting because gametes are thought to 
lack MHC class I molecules on their surface, however previous studies have identified 
a number of proteins involved in MHC class I antigen presentation in sperm [43].  
For example, β2 microglobulin (β2m), a component of the MHC class I receptor, was 
identified in the mouse sperm proteome [7].  Further, BAG6, a protein involved in 
antigen processing and presentation of antigens by the MHC class I receptor, was 
identified in this study and has previously been identified in the mouse sperm 
proteome [7].  To date, the functions of these proteins in sperm has yet to be 
elucidated, and it remains unclear why these proteins are components of sperm in 
the absence of MHC class I presentation in this cell type.    
Immune System Processes 
Proteomics studies of sperm have identified a number of different immunity 
proteins, some of which exhibit sperm specific function, while the function of many 
others remains to be elucidated (reviewed in [43]).  In this study the immunity 
74 
proteins identified in the caputSP and caudaSP were enriched in different functional 
categories, with the caudaSP enriched in proteins involved in immune system 
processes related to the respiratory burst involved in defense responses, negative 
regulation of T-cell receptor signaling pathways, regulation of humoral immune 
response and regulation of complement activation.  These processes may play import 
roles in sperm biology directly, or may facilitate the interaction of sperm with 
mucosal immune cells located in the female reproductive tract.  For example, the 
respiratory burst reaction is typically orchestrated by phagocytic cells of the innate 
immune system.  This pathway has also been implicated in sperm capacitation, 
however excessive generation of ROS in sperm has also been associated with 
infertility [96,97].  The other enriched immune system processes, including negative 
regulation of T-cell receptor signaling pathways, regulation of humoral immune 
response and regulation of complement activation likely have to do with the 
regulation of the immune response in the female reproductive tract by sperm.  For 
example, sperm are known to be able to regulate the complement pathway that is 
highly active in the female reproductive tract (reviewed in [98]).       
Although not functionally annotated in the GO Immune System process 
ontology, we identified a number of β-defensins in the caputSP, corpusSP and 
caudaSPs (Table 2.5).    Defensins are antimicrobial peptides which can activate both 
the innate and adaptive immune response and play a role in a number of processes 
including development and fertility [99].  The β-defensin gene family has rapidly 
expanded in the mammalian lineage as a result of gene duplication, resulting in 
numerous species and lineage specific proteins that evolved an array of specialized 
functions [99].  Many β-defensins exhibit testis or epididymis specific expression and 
several studies have identified region specific expression of β-defensins along the 
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length of the epididymis in different species, including the mouse, rat and human 
[8,86,100].   
In total, we identified 9 β-defensins in the caputSP, corpusSP and caudaSPs, 
including Defb2, 11, 19, 20, 22, 23, 29, 47, and sperm associated antigen 11B 
(SPAG11B), a gene that arose from the fusion of two ancestral β-defensin genes 
[101].   Interestingly, the region of the epididymis that exhibits the highest 
expression for each β-defensin gene correlates extremely well with the region in 
which we first identify the protein (Table 2.5).  Of the 9 β-defensins identified in this 
study, only two have known sperm specific functions including DEFB22 and 
SPAG11B.   DEFB126, the human ortholog of mouse DEFB22, is a widely studied β-
defensin plays a role in sperm penetration through cervical mucus and ZP binding, 
and SPAG11B is involved in sperm motility and maturation [102–105].  The functions 
of the remaining β-defensins is unknown, however, since most of these proteins are 
specifically expressed in the epididymis they may play a role in the immune response 
to epididymal pathogens, or have sperm specific functions which have yet to be 
elucidated.   
Using mass spectrometry based proteomics we have determined the mouseSP 
from three epididymal segments that contribute to a systems level understanding of 
the complex post-testicular sperm maturation process.  We have identified a number 
of proteins which are added and removed from sperm in the epididymis which can 
guide subsequent empirical studies of proteins involved in key sperm processes 
including motility acquisition and fertilization competency.  Similar studies 
undertaken in other organisms will allow for comparative systems level studies of 
sperm maturation and will also help to identify species-specific differences in the 
sperm maturation process.  
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CHAPTER 3 
Sperm Proteome Maturation in the Rhesus Macaque Epididymis 
Publication Note 
A modified version of this chapter will be submitted for publication. Skerget S, 
Rosenow M, Petritis K, Karr TL. Sperm Proteome Maturation in the Rhesus Macaque 
Epididymis. 2013. 
Introduction 
High throughput mass spectrometry based proteomics has provided a wealth 
of information regarding the composition and function of sperm from a variety of 
taxa, including a number of mammalian species such as the mouse, rat, boar, 
bovine, human and rhesus macaque [7,13,16,18–20,73,74].  Most of these studies 
focus on determining the composition of mature sperm obtained from the cauda 
epididymis or ejaculates.  To date, few studies have focused on determining the 
proteome of sperm at different stages maturation however, such studies can help 
unravel the complex process which to date remains poorly understood. 
When sperm leave the testis, they are functionally immature and it is only 
after transit through the epididymis that sperm are motile and capable of 
fertilization.  The maturation process in the epididymis involves remodeling of the 
sperm proteome such that proteins are added, removed and modified through 
various post-translational modifications.  While the maturation process is thought to 
be tightly regulated and occur in a well-organized manner in the epididymis, the 
pattern of sperm surface modification is believed to be species specific [79].  
Modification of the sperm proteome during epididymal transit is likely facilitated by 
proteins synthesized by the epididymis and secreted into the epididymal lumen.  It is 
estimated that no more than 10% of all proteins present in epididymal fluid have 
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been identified due to a broad range of protein concentrations which makes low 
abundance proteins difficult to identify [79].  One mechanism by which proteins are 
acquired by sperm in the epididymis is through small membranous vesicles secreted 
by the epididymis termed epididymosomes [92].  Studies focusing on determining 
the proteomic content of epididymosomes have identified 146 proteins associated 
with human epididymosomes and 555 and 438 proteins associated with bovine 
epididymosomes from the caput and cauda respectively [58,106].   To date, 
however, few proteins have been empirically shown to be added to sperm during 
epididymal transit. 
We previously reported the sperm proteome from three segments of the 
mouse epididymis, including the caputSP, corpusSP and caudaSP in which we 
identified 1536, 1720 and 1234 proteins respectively [107].  Interestingly, the 
number of proteins in the sperm proteome was found to increase in complexity from 
the caputSP to the corpusSP and subsequently decrease in complexity from the 
corpusSP to the caudaSP however it was unclear whether this was a common 
phenomenon relating to sperm maturation in the epididymis or potentially a result of 
averaging a highly heterogeneous sperm population in the corpusSP.  In addition, 
study of the sperm proteome from multiple segments of the mouse epididymis led to 
the identification of 732 proteins which are added to and 1034 proteins which are 
removed from sperm during epididymal transit [107].  To our knowledge, this study 
is the only one to date to investigate the proteomic composition of sperm from 
multiple epididymal segments in the same study, and the first corpusSP to be 
reported. 
In the current study we examine the sperm proteome from four segments of 
the Rhesus macaque (Macaca mulatta) epididymis including the caput, proximal 
corpus, distal corpus and cauda.  Mass spectrometry analysis identified 1951, 2014, 
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1764 and 1423 proteins in the caput, proximal corpus, distal corpus and cauda SPs 
respectively.  In total, we identified 1739 proteins which are added to, and 2267 
proteins which are removed from sperm during epididymal transit.  Overall, we 
identified 93 proteins which are added to sperm and 347 proteins which are removed 
from sperm in both the macaque and mouse sperm during epididymal maturation 
representing an overlap of 15% of added and 37% removed proteins between the 
two species.  Overall, a better understanding of the sperm maturation process will 
provide insights into potential causes of infertility, potentially leading to molecular 
based infertility treatments.  Further, comparative analysis of the sperm maturation 
process in different species can provide evolutionary insights into differences in 
sperm composition and function in a variety of species and ultimately be applied to 
help identify species-specific contraceptive targets. 
Experimental Procedures 
Tissue Preparation and Isolation of Sperm 
 Intact epididymides were harvested from two euthanized adult macaques 
(Macaca mulatta) that had previously been used for a series of neurophysiological 
experiments.  Each animal was euthanized and tissue processed successively over a 
two day period and stored in PBS at 4°C until used.  Each intact epididymis was 
removed and both proximal and distal ends ligated. All procedures were approved by 
the Institutional Animal Care and Use Committee of Northwestern University. 
 Mature and motile sperm were collected from the caput, proximal corpus, 
distal corpus and cauda epididymis by needle puncture and collected in 50ml conical 
centrifuge tubes.  Sperm pellets were obtained by differential low speed 
centrifugations using a tabletop centrifuge (Sorvall).  Purified sperm samples were 
obtained by repeated cycles of centrifugation and pellet resuspension in standard 
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Ringers solution.  Following each pellet resuspension, sperm purity was assessed 
using a DNA-based fluorescence assay.  Equal 5µl aliquots of sperm were mounted 
on a microscope slide along with an equal volume of PBS containing 1.0µg/ml of 
4',6-diamidino-2-phenylindole (DAPI; Invitrogen) and subsequently examined using 
a Zeiss Axioskop equipped with DIC and epifluorescence optics.  Digital images 
captured with an onboard ccd camera and exported to Photoshop. 
Protein Solubilization and Quantitation 
 Sperm samples were solubilized in SDS and quantified using the EZQ® 
Protein Quantitation Kit (Invitrogen, Inc).  Protein fluorescence was measured using 
a Typhoon Trio+ (Amersham Biosciences/GE Healthcare) equipped with a 488nm 
laser and 610nm bandpass filter.  ImageQuant™ TL software was used to analyze 
fluorescence data.  A standard curve was generated using fluorescence data from 
control samples of known concentration and used to determine sperm sample 
concentration.  
1-Dimensional SDS-PAGE 
 A 1mm 10% NuPAGE® Novex® Bis-Tris Mini Gel was set up using the XCell 
SureLock Mini-Cell system (Invitrogen) as per manufacturer’s instructions for 
reduced samples.  50µg of macaque sperm from each of the caput, proximal corpus, 
distal corpus and cauda epididymis were loaded and the gel was run for 35 minutes 
at a 200V constant.  Following electrophoresis, the gel was stained using 
SimplyBlue™ SafeStain (Invitrogen) and destained as per manufacturer’s 
instructions.  The gel was transferred to a gel slicer (built in house) and each of the 4 
lanes was separated from the rest of the gel by cutting vertically.  Each lane was 
then cut horizontally into 16 equal gel slices.  Each gel slice was further cut into 
smaller (approximately 1x1x1mm) pieces which were transferred to a 0.6mL 
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microcentrifuge tube (16 tubes per segment, for 64 total tubes) and stored at -80°C 
until needed. 
In-Gel Digestion of Proteins / MS Analysis 
 A standard in-gel digestion protocol was performed on each gel slice as 
described previously [25].  Gel slices were further destained using 50mM ammonium 
bicarbonate/50% acetonitrile and dehydrated with 100% acetonitrile.  Proteins were 
reduced and alkylated by treatment with dithiothreitol and iodoacetamide and 
subsequently digested using 20ng/µl Trypsin.  Protein digests were extracted with 
5% formic acid and 50% acetonitrile, and dried down using a vacuum centrifuge.  
Resulting peptides were reconstituted in 20µl of 0.1% formic acid.   
 Extracted peptides were analyzed by nanoflow reverse phase liquid 
chromatography using a nanoAcquity LC system (Waters) coupled in-line with the 
linear trap quadrupole LTQ Orbitrap Velos instrument (Thermo Fisher Scientific). The 
nano LC system included a Symmetry C18 5μm 180μm×20mm trap column and a 
BEH130 C18 1.7μm 100μm×100mm analytical column (Waters). Mobile phases A 
and B consisted of 0.1% formic acid in water and 0.1% formic acid in acetonitrile, 
respectively.  Samples were loaded onto the trap column for desalting and pre-
concentration with 99%:1% mobile phase A:B at a flow rate of 5µl/min for 3 
minutes. Peptides were separated on the analytical column at a flow rate of 500 
nl/min with a two-step linear gradient consisting of 7% B to 25% B in 72 minutes 
and 25% B to 45% B in 10 minutes. The electrospray ion source consisted of a 
nanospray head (Thermo Fisher Scientific) coupled with a coated PicoTip fused silica 
spray tip with OD 360μm, ID 20μm, and 10μm diameter emitter orifice (New 
Objective, Inc.). Samples were analyzed using positive ion spray voltage and heated 
capillary temperature of 1.9kV and 220°C, respectively. 
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 Mass spectrometry data were collected with the instrument operating in data 
dependent MS/MS mode. MS survey scans (m/z 300-2000) were acquired in the 
Orbitrap analyzer with a resolution of 60,000 at m/z 400 and an accumulation target 
of 1× 10^6. This was followed by the collection of MS/MS scans of the 15 most 
intense precursor ions with a charge state ≥2 and an intensity threshold above 500 
in the LTQ with the accumulation target of 10,000, an isolation window of 2Da, 
normalized collision energy of setting of 35%, and activation time of 30ms. Dynamic 
exclusion was used for the acquisition of the tandem MS spectra using a repeat count 
of 1, within a 30 second repeat duration period, and exclusion duration period of 60 
seconds.   
Peptide identification and protein annotation 
 The mass spectra data files were analyzed using Sequest (version 1.3.0.339) 
and X!Tandem (CYCLONE; version 2010.12.01.1) searched against the Ensembl 
Macaca mulatta protein FASTA file (Release 69, 19121 entries).  Both Sequest and 
X!Tandem were searched with a fragment ion mass tolerance of 0.80Da and a parent 
ion tolerance of 10.0PPM.  Iodoacetamide derivative of cysteine was specified as a 
fixed modification, while oxidation of methionine was specified as a variable 
modification.  Results were validated using Scaffold (Proteome Software) version 
3.4.9 in which protein probability False Discovery Rates (FDRs) were calculated by 
using the assigned protein probabilities estimated from the results of Peptide and 
Protein Prophet.  Peptide identifications were accepted if they could be established at 
greater than 90.0% probability as specified by the Peptide Prophet algorithm [26] 
and protein identifications were accepted if they could be established at greater than 
99.0% probability and contained at least 3 identified peptides.  Protein probabilities 
were assigned by the Protein Prophet algorithm [27].  Proteins that contained similar 
peptides and could not be differentiated based on MS/MS analysis alone were 
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grouped to satisfy the principles of parsimony.  Macaque Ensembl Protein IDs were 
used to search BioMart (biomart.org, version 0.7) and retrieve the associated 
Ensembl Gene ID, gene name and description.  
Gene Ontology Analysis 
 Gene group functional profiling (g:GOSt) was used to individually analyze the 
Gene Ontology (GO) category distribution for the caput, proximal and distal corpus, 
and cauda SP [28].  For each analysis, the organism was set to Macaca mulatta and 
Ensembl gene IDs were used for the query.  In total, 1938 caput, 2000 proximal 
corpus, 1754 distal corpus, and 1410 cauda Ensembl IDs were input.  The 
significance threshold was set to Benjamini-Hochberg FDR (False Discovery Rate). 
Network Analysis 
 All network analyses were conducted using the ClueGo plugin (v2.0.6) for 
Cytoscape (v3.0.0) (25).  The network in Figure 3.2 compares GO Biological Process 
Annotations (downloaded 12.09.2013) for the caput, proximal corpus, distal corpus 
and cauda SPs.  The networks in Figure 3.3 compared GO Molecular Function 
Annotations (downloaded 19.07.2013) for proteins in the (A) caput and proximal 
corpus (B) proximal corpus and distal corpus and (C) distal corpus and cauda.  All 
networks were generated using statistical tests for gene enrichment / depletion (two-
sided hypergeometric test) with Benjamini-Hochberg multiple test correction.  
Network parameters were set as follows: GO Tree Levels (min = 1, max = 3), GO 
term restriction (min#genes = 3, min% = 1), and GO Term Connection Restriction 
(Kappa score threshold = 0.3).  Only terms with a p-value ≤ to 0.05 were shown, 
and resulting groups consisted of a minimum of 3 terms and groups sharing >50% of 
terms were merged. 
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Comparison to the Mouse Epididymal Sperm Proteome and the MacSP 
 To determine similarities and differences in sperm composition during the 
maturation process across species, we compared the macaque epididymal sperm 
proteome obtained in this study to the previously published mouse epididymal sperm 
proteome.  Biomart was queried using Macaque Ensembl gene IDs from the caput, 
proximal corpus, distal corpus, and cauda SPs to obtain orthologous mouse Ensembl 
gene IDs.  Ensembl IDs corresponding to the mouse sperm proteome from each 
epididymal segment were compared to the orthologous mouse Ensembl gene IDs 
from the sperm proteome from each segment of the macaque epididymis to 
determine the degree of overlap.  Since data for the mouse consisted of the caput, 
corpus and cauda SPs, the mouse corpus SP was compared to both the macaque 
proximal corpus and distal corpus segments.  We also compared the macaque 
caudaSP from this study to the previously published MacSP to determine the degree 
of overlap.  Ensembl gene IDs corresponding to the MacSP were compared to 
Ensembl gene IDs corresponding to the caudaSP. 
Phenotype Analysis 
 In order to determine which proteins in the macaque epididymal SP have 
known sperm phenotypes, Biomart was queried with all 3446 unique macaque 
Ensembl gene IDs identified in the caput, proximal and distal corpus, and cauda SP 
to retrieve known 1:1 mouse orthologs.  This query resulted in 2757 mouse Ensembl 
gene IDs which were used to query the Mouse Genome Informatics database 
(http://www.informatics.jax.org/) and retrieve associated phenotypes.  The resulting 




Macaque Epididymal Sperm Proteome 
Mass spectrometry analysis identified 1951, 2014, 1764 and 1423 proteins in 
the caput, proximal corpus, distal corpus and cauda SPs respectively (Table 3.1, 
Supplemental Table 3.1).  In total 15571, 17486, 11614 and 8485 peptides were 
identified in each segment, resulting in an average overall protein coverage of 
approximately 21%.  Although our protein identification criteria required a minimum 
of 3 peptides to be identified per protein, we identified an average of 7 peptides per 
protein across all segments.  The average percent protein coverage across all 
segments was approximately 21%, however the coverage of any individual protein 
ranged from 1-90%.      
Table 3.1. Summary of MS Results 
 





Total proteins identified 1951 2014 1764 1423 
Total peptides identified 15 571 17 486 11 614 8 485 
Average percent protein 
coverage 
25.42% 27.04% 18.56% 11.95% 
Average peptide hits per 
protein 
7.98 8.68 6.58 5.96 
 
Protein gain and loss during sperm transit through the epididymis is a key 
aspect of the sperm maturation process.  By comparing the caput and proximal 
corpus SP, we identified 501 proteins which were added, and 438 proteins which 
were removed from sperm during transit between these two segments.  By similarly 
comparing other segments, we identified 578 and 660 proteins added to, and 828 
and 1001 proteins removed from proximal and distal corpus sperm respectively.  In 
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total, we identified 1739 proteins which are added to, and 2267 proteins which are 
removed from sperm during epididymal transit (Supplemental Table 3.2, Figure 
3.1A). 
A venn diagram depicting the overlap of the caput, proximal and distal 
corpus, and cauda sperm proteomes is illustrated in Figure 3.1B.  Overall, 498 
proteins were found in all four epididymal segments, comprising a core sperm 
proteome from which proteins are added and removed.  A large number of proteins 
were also found to be common to the caput, proximal and distal corpus (535 
proteins) while significantly fewer were found to be common to the proximal and 
distal corpus and cauda (73 proteins).  Significant overlap was also observed 
between two neighboring epididymal segments, including the caput and proximal 
corpus (426 proteins), the proximal and distal corpus (80 proteins) and the distal 
corpus and cauda (152 proteins).   Relatively few proteins were found to be common 
to non-neighboring segments, for example the caput and distal corpus (46 proteins), 
proximal corpus and cauda (40 proteins) and caput and cauda (28 proteins).  It is 
possible that these proteins were “missed” in the proximal and distal corpus SPs, 
however these proteins represent ~2% of proteins in any given segment and likely 
do not significantly impact the overall findings of this study.  A large number of 
proteins were also found to be unique to the SP of each epididymal segment 
investigated, as 324, 300, 340 and 530 proteins were found to be unique to the 




Figure 3.1. Overview of MS results.  (A) Depiction of the epididymis indicating the 
number of proteins identified in each segment (black), the number of proteins found 
to be added to sperm in each segment (green) and the number of proteins found to 
be removed from sperm in each segment (red).  (B) Venn diagram illustrating the 








The 20 most abundant proteins identified in each segment based on spectral 
counts are listed in Table 3.2.  A number of the most abundant proteins in the caput 
epididymis consist of keratins (8/20) and tubulins (6/20).  The keratins identified in 
the caputSP include KRT1, 2, 5, 6A, 9, 10, and two isoforms of KRT 14.  A number of 
keratins have previously been identified in the macaque, rat, human and mouse SPs 
and KRT2, 5 and 15 were also identified in the top 20 most abundant proteins in the 
mouse caput SP [107].  The precise function of most sperm keratins remains 
unknown, however it is likely that many are cytoskeletal or flagellar components.  
Tubulins identified in the caputSP include TUBA1B, TUBA3C, TUBA4A, TUBB, 
TUBB2B, TUBB2C.  Tubulins are the major constituent of microtubules and comprise 
the sperm cytoskeleton and axoneme and also likely play a role in structural changes 
that occur during capacitation and the acrosome reaction [108].    
We identified both a long (ENSMMUP00000030361, 581 amino acids) and 
short (ENSMMUP00000041059, 213 amino acids) isoform of AKAP4 in the macaque 
epididymal sperm proteome.  The long AKAP4 isoform was identified as the second 
most abundant protein in the caput epididymis and the most abundant protein in all 
other segments.  While the short (213aa) AKAP4 isoform was identified in all 4 
epididymal segments, it was only identified as one of the most abundant proteins in 
the cauda epididymis.  Both isoforms of AKAP4 were found to increase in relative 
abundance in sperm from the caput to cauda epididymis.  AKAP4 is consistently 
identified as the most abundant protein in other sperm proteomes, including the 
macaque and ratSP, and was similarly found to increase in relative abundance in 
sperm during epididymal transit in the mouse [16,74].  AKAP4 is the most abundant 
protein in the sperm fibrous sheath, and mice lacking this protein are infertile due to 
lack of sperm motility [109].    
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Table 3.2. Top 20 proteins in each epididymal segment ranked by spectral count.   
 
 Caput Corpus (proximal) Corpus (distal) Cauda 








1 KRT1 1544.80 AKAP4  1934.01 AKAP4 2062.95 AKAP4 2515.96 
2 AKAP4 1210.20 KRT1  1088.76 ODF2 919.54 KRT1 1830.80 
3 KRT10 1131.29 TUBB2C 1048.51 TUBB2C 908.71 KRT10 1248.27 
4 TUBB2C 1058.45 TUBB 813.72 TUBB 818.44 AKAP3 1051.32 
5 TUBB 953.74 TUBB3C 775.48 KRT1 788.35 ODF2 857.15 
6 TUBB2B 851.31 TUBB2B 770.12 TUBA3C 716.14 KRT14 851.60 
7 KRT2 814.89 KRT10 699.01 TRA1 702.90 KRT2 846.05 
8 TUBA3C 711.70 ODF2 643.33 KRT10 688.45 KRT9 790.57 
9 KRT9 704.87 LDHC 626.56 HSPA5 681.23 TUBB2C 771.15 
10 ACTB 698.8 TUBA1B 621.86 TUBB2B 642.72 KRT14 682.39 
11 TUBA1B 655.55 GSTM3 607.77 AKAP3 628.27 DNAH8 593.62 
12 LCP1 611.55 AKAP3 578.26 TUBA1B 558.47 TUBB 582.53 
13 TUBA4A 583.47 TRA1 575.57 PDIA3 541.62 KRT5 538.14 
14 HSPA5 532.64 KRT2 570.88 ATP5B* 536.80 GAPDHS 496.53 
15 LOC719283 511.39 ACTB 560.14 TUBA4A 519.95 TUBB2B 466.02 
16 KRT5 496.22 TUBA4A 550.08 KRT2 513.93 AKAP4* 449.38 
17 KRT14 490.15 KRT9 544.04 GSTM3 475.42 GSTM3 416.09 
18 TRA1 473.46 GAPDHS 531.30 ATP5B 460.98 LOC719283 413.32 
19 KRT14 453.73 ODF1 501.11 GAPDHS 454.96 KRT15 413.32 
20 GSTM3 421.10 HSPA5 466.90 LDHC 435.70 MYH11 410.54 
 
GO Analysis: Biological Process 
A number of biological process terms are enriched in the macaque epididymal 
SPs which can provide clues about specific processes occurring in different 
epididymal segments.  In order to investigate enriched GO terms we conducted a 
network analysis comparing the caput (red nodes), proximal corpus (green nodes), 
distal corpus (blue nodes) and cauda (yellow nodes) SPs (Figure 3.2).  If a GO 
category is enriched in a particular segment, the node representing that GO category 
will weakly or strongly appear the color assigned to that segment.  We also used 
g:Profiler to provide deeper and more specific information about enriched GO 
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categories, as our network analysis was limited to 3 GO category levels while 
g:Profiler provides information at all GO term levels. 
 
 
Figure 3.2.  GO Biological Process Network comparing the caput (red), proximal 
corpus (green), distal corpus (blue) and cauda (yellow) SPs.  Each node represents a 
BP GO term and nodes representing GO terms that are enriched in a particular 
segment are colored.  Grey nodes represent GO terms that are equally represented 
in all segments. All nodes are significant at p≤0.05. 
 
Several GO categories were found to be enriched in the caputSP as compared 
to other segments including metabolic processes, cellular ketone metabolic process, 
cellular homeostasis, protein transport and localization, transport, including vesicle 
transport, translation initiation, cell redox homeostasis, xenobiotic and glutathione 
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derivative metabolic process, and response to topologically incorrect protein (Figure 
3.2).  The sperm proteome for all segments studied were enriched for proteins 
involved in localization, however the number of proteins associated with localization 
and thus the magnitude of the enrichment decreases from the caputSP to caudaSP 
[caputSP (p=4.26 e-06, n=408) proximal corpus SP (p=3.78 e-04, n=395) distal 
corpusSP (p=2.39 e-05, n=364) caudaSP (p=1.49 e-03, n=284)].  Specifically, all 
segments are enriched for proteins involved in cellular localization [caputSP (p=1.67 
e-13, n=216) proximal corpusSP (p=6.20 e-08, n=195) distal corpusSP (p=3.3e-07, 
n=174) caudaSP (p=2.29 e-02, n=120)], macromolecule localization [caputSP 
(p=4.00 e-13, n=206) proximal corpusSP (p=1.89 e-0.8 n=189) distal corpusSP 
(p=1.27 e-06, n=164) caudaSP (p=9.16 e-04, n=123)], and establishment of 
protein localization [caputSP (p=2.62 e-14, n=156) proximal corpusSP (3.20 e-08, 
137) distal corpusSP (p=7.47 e-04, 107) and caudaSP (not significant, n=73)].  
Since a number of proteins are added and removed from sperm during epididymal 
transit, it is likely that many of these proteins play a role in ensuring proper cellular 
localization and are subsequently lost or degraded as sperm remolding draws to a 
close in later epididymal segments. 
The proximal corpusSP is enriched for a number of GO categories including 
sperm-egg recognition and fertilization, lipid metabolic process, protein transport and 
localization, mitochondrial membrane organization and transport, redox processes, 
multi-organism cellular process and several immunity related categories including 
antigen processing and presentation, defense response to virus and phagocytosis 
(Figure 3.2).   The distal corpusSP is enriched for proteins involved in spermatid 
differentiation, ciliary or flagellar motility, pattern specific processes and 
regionalization (Figure 3.2).  Analysis with g:Profiler identified that  proteins related 
to sexual reproduction were enriched in the distal corpusSP  (p=1.11 e-03, n=48), 
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and the caudaSP (p=7.35 e-03, n=38) but not in the caputSP (n=36) or proximal 
corpusSP (n=44).  Although the number of proteins related to sexual reproduction in 
sperm seems to increase during epididymal transit, the actual proteins comprising 
this category are extremely dynamic.  For example, only 30/36 proteins identified in 
this category in the caputSP are retained in the proximal corpusSP, 29/44 proteins 
identified in the proximal corpusSP are retained in the distal corpusSP and 29/48 
proteins identified in the distal corpusSP are retained in the caudaSP.  In total, only 
17 proteins related to sexual reproduction were identified in sperm from all 4 
segments, including ACR, KLHL10, KRT9, SERPINA5, SPAG6, SPAN1, TSSK2, ZAN 
and ZPBP, while the remainder of the proteins are added and/or removed during 
epididymal transit.  This suggests that many proteins known to be involved in sexual 
reproduction may play a role in the sperm maturation process but are not ultimately 
components of mature sperm. 
GO network analysis revealed that the caudaSP is enriched in proteins related 
to sperm motility as compared to the SP from other epididymal segments (Figure 
3.2), however g:Profiler analysis identified several other categories.  For example, 
proteins involved in the cell cycle were found to be enriched in the caudaSP (p=2.30 
e-04, n=81) but not enriched in the caputSP (n=36), proximal corpusSP (n=44), or 
distal corpusSP (n=48) and the number of cell cycle proteins identified in the SP 
increases from the caput to caudaSP.  In total, 21 cell cycle proteins are found in 
sperm from each epididymal segment including NAK3, ANXA1, ATM, BRCA1, CALR, 
CSNK2A2, CUL3, DICER1, DST, HSPA8, MYH9, PRKACA, TUBB, TUBB2C and XPO1, 
many of which are known to be associated with abnormal sperm phenotypes (see 
Table 3.3, below).  We also identified EGF and EGFR in the caudaSP, and while EGFR 
has been shown to localize to the postacrosomal region of human sperm and is 
thought to be involved in capacitation and the acrosome reaction, the role of EGF in 
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sperm has not been investigated [70,110]. Previous comparative analysis of the 
macaque, human and mouseSPs revealed that a number of proteins involved in the 
cell cycle were present in the macaque and humanSPs but not in the mouseSP [74].   
GO Analysis: Cellular component 
The proteins identified in the various epididymal sperm proteomes comprise a 
variety of cellular structures, however a large number of the identified proteins are 
found to be associated with organelles [caput (p=5.04 e-61, n=1109) proximal 
corpus (p=1.07 e-55, n=1100) distal corpus (p=2.50 e-47, n=971) cauda (p=3.46 
e-28, n=743)], comprising 52-57% of the SP from any given segment.  Membrane 
proteins are abundant in the caput (p=4.16 e-04, n=582), proximal corpus (1.76 e-
05, n=599) and distal corpus (p=6.40 e-03, n=512) SPs, however the number of 
membrane proteins identified in each segment decreases from the proximal 
corpusSP to caudaSP (n=377) where this GO category is not found to be statistically 
enriched.  A previous study of the mouse caput, corpus and caudaSP identified a 
similar decrease in the number of membrane proteins identified from the corpus to 
caudaSP, suggesting that this reduction may be due to pruning of sperm surface 
proteins during epididymal maturation [107]. 
Proteins identified as a sperm part were also found to be enriched in the 
caput (1.11 e-02 n=3), proximal corpus (1.25 e-02, n=3), distal corpus (2.85 e-01, 
n=2), and cauda (1.93 e-01, n=2) SPs.  AKAP4, PACRG and SEPT12 were identified 
in the caput and proximal corpus SPs, however SEPT12 was not identified in the 
distal corpus, or caudaSPs.  A previous study of the macaqueSP also failed to detect 
SEPT12 in the caudaSP, suggesting that this protein is removed from sperm during 
epididymal maturation.  SEPT12 has been found to be testis specific and is believed 
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to be associated with sperm morphological development including acrosome and 
sperm tail formation [111].   
GO Analysis: Molecular Function 
The macaque epididymal SPs are enriched for proteins involved in binding, 
particularly metal cluster binding [caput (p=7.40 e-05, n=17) proximal corpus 
(p=3.84 e-04, n=16) distal corpus (p=4.10 e-04, n=15) cauda (p=3.02 e-03, 
n=12)] and cofactor binding [caput (p=1.10 e-25, n=89) proximal corpus (2.10 e-
23, n=86) distal corpus (p=1.88 e-16, n=70) cauda (p=1.10 e-08, n=48)].  The 
caudaSP is also enriched for proteins involved in lipid binding (p=5.68 e-04, n=63), 
however this GO category is not enriched in the caput (n=51), proximal corpus 
(n=41), or distal corpus SPs (n=50).   
The macaque epididymal SPs are also enriched for catalytic proteins including 
those with oxidoreductase activity [caput (p=1.61 e-37, n=217) proximal corpus 
(p=5.02 e-35, n=213) distal corpus (p=6.48 e-26, n=179) cauda (p=1.90 e-05, 
n=100)].  Proteins with isomerase [caput (p=1.70 e-07, n=43) proximal corpus 
(p=2.26 e-07, n=43) distal corpus (p=2.02 e-02, n=28) cauda (n=14)], electron 
carrier [caput (p=2.30 e-02, n=27) proximal corpus (p=2.67 e-03, n=30) distal 
corpus (p=5.10 e-02, n=24) cauda (n=13)] and antioxidant [caput (p=2.08 e-07, 
n=24) proximal corpus (p=1.26 e-06, n=23) distal corpus (p=1.64 e-05, n=20) 
cauda (not stat enriched, n=10)] activity are enriched in the caput, proximal corpus 
and distal corpus SPs however not in the caudaSP due to a decline in number of 
proteins in each category.  Finally, proteins which make up the structural constituent 
of cytoskeleton are enriched in SPs from all segments [caput (p=9.30 e-07, n=11) 
proximal corpus (p=1.68 e-04, n=9) distal corpus (p=3.31 e-07, n=11) cauda 
(p=3.59 e-11, n=13)].  
94 
Phenotype Analysis 
Of all proteins identified in the macaque epididymal sperm proteome, we 
identified 120 which, when defective or absent, are associated with abnormal sperm 
phenotypes in mice (Table 3.3).  A large number of these proteins, when lost or 
mutated, result in abnormal flagellum morphology (31/120, 26%), abnormal motility 
(56/120, 47%), or abnormal sperm number (72/120, 60%).  Of these 120 proteins 
with known sperm phenotypes, 26 were identified in this study as transient and 
include CATSPERD, CD46, CD9, SPAG16, SPAG9 and THEG, however CD46 and THEG 
were identified in a previous study of the macaque caudaSP [74].  Further, 18/72 
(25%) proteins found to be associated with abnormal sperm number were found to 
be added and not subsequently removed from sperm during epididymal transit and 
include APOB, ASPM, BRCA1, BRWD1, DICER1, ELMO1, FANCM, HIP1, HTT, INPP5B, 
KDM3A, MAP3K4, MDC1, REC8, SMC1B, SPEF2, UBE3A an ZC3HC1. 
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Table 3.3. Proteins identified in the macaque epididymal sperm proteome with 






Acrosome 8839 Tmf1, Zpbp, Zpbp2 
Annulus 9834, 9835 Sept4, Slc26a8 
Axoneme 9838 Mns1, Odf2, Tekt2, Theg, Spag16, Spef2 
End piece 9837 Akap4 




Adcy10, Akap4, Atp1a4, Brwd1, Camk4, Clip1, Csnk2a2, 
Fkbp4, Gpr64, Gpx4, Mns1, Npc1, Oaz3, Odf1, Odf2, 
Pip5k1a, Ppp1cc, Prss21, Rabl2b, Sept4, Sept12, 
Slc26a8, Spaca1, Spag16, Spef2, Tekt2, Tekt3, Tekt4, 
Theg, Zpbp, Zpbp2 
Sperm head 9230, 9234 Acr, Ak7, Brwd1, Camk4, Clip1, Csnk2a2, Golga3, 
Gpr64, Gpx4, Hist1h1t, Npc1, Ppp1cc, Prss21, Sept12, 
Spaca1 
Manchette 9376 Clip1 
Midpiece 9831 Brwd1, Odf1, Odf2, Nsun7, Nup210l, Pip5k1a, Ppp1cc, 
Slc26a8, Tekt4, Tmf1 
Mitochondrial 
sheath 
9832, 9833 Akap4, Gpx4, Nsun7, Odf1, Mns1, Ppp1cc, Sept4, 
Slc26a8, Taldo1, Tmf1  
Principal piece 9836 Akap4, Gpx4, Mns1, Ppp1cc, Sept4, Tekt4 
Sperm nucleus 9232 Csnk2a2, Gpx5, Sept12, Theg, Zpbp, Zpbp2 
Impaired / Abnormal Sperm Process 
Acrosome 
reaction 
4542 Adam3, Apob, Crisp1, Kcnu1, Npc1, Oaz3, Odf1, Plcd4, 
Prss21, Slc26a8, Taldo1 
Capacitation 3666 Adcy10, Atp1a4, Kcnu1, Sept4, Ube3a 
Fertilization 5410, 5411, 
9647 
Ace, Acr, Acrbp, Adam2, Adam3, Adcy10, Arhgdia, 
Atp1a4, Brwd1, C1orf56, Cd46, Cd9, Cstf2t, Fkbp4, 
Gpx4, Hexb, Hist1h1t, Inpp5b, Izumo1, Kcnu1, Ldhc, 
Mmel1, Npc1, Nphp4, Pip5k1a, Prkaca, Prss21, Serpina5, 
Spesp1, Taldo1, Zpbp2 
Motility 2674, 2675, 
9280, 9282 
Acr, Adam2, Adcy10, Akap4, Apob, Aspm, Atp1a4, 
Atp2b4, Brdt, Brwd1, Capza3, Catsperd, Chdh, Csnk2a2, 
Cstf2t, Dnah1, Fkbp4, Gapdhs, Gpr64, Hist1h1t, Hspa4, 
Hspa4l, Inpp5b, Kcnu1, Kdm3a, Ldhc, Lipe, Map3k4, 
Mns1, Nsun7, Nup210l, Odf1, Odf2, Pgk2, Pip5k1a, 
Pla2g6, Prkaca, Prss21, Psme4, Rabl2b, Sept4, Sept12, 
Serpina5,Slc26a8, Spaca1, Spag16, Spag9, Taldo1, 
Tekt2, Tekt3, Tekt4, Theg, Tmf1, Tssk2, Zpbp, Zpbp2 
Sperm number 2673, 2687, 
5159 
Aff4, Agps, Ak7, Alpl, Apob, Arhgdia, Aspm, Atm, Bax, 
Bcl6, Brca1, Brwd1, Bsg, Btrc, Camk4, Capza3, 
Catsperd, Csnk2a2, Cstf2t,  Dicer1, Dnmt3a, Ehd1, 
Elmo1, Epb41l2, Fancm, Fkbp4, Fyn, Gamt, Gnpat, 
Golga3, Gpr64, Herc2, Hip1, Hspa4, Hspa4l, Htt, 
Immp2l, Inpp5b, Kdm2b, Kdm3a, Kiaa1524, Lipe, Lmna, 
Map3k4, Mdc1, Mns1, Mov10l1, Npc1, Nphp4, Nup210l, 
Odf1, Pafah1b2, Pip5k1a, Piwil2, Ppp1cc, Prdx4, Prkdc, 
Prss21, Rabl2b, Rec8, Rsph1, Sept12, Smc1b, Spag16, 
Spag9, Spef2, Stx2, Theg, Tsn, Tssk2, Ube3a, Zc3hc1 
Sperm 
physiology 
4543 Akap4, Atp2b4, Aqp7, Kcnu1, Ldhc, Plcd4, Ppp1cc, 




Transient proteins, which consist of proteins which are added to and 
subsequently removed from sperm during epididymal transit, likely play an important 
but poorly understood role in the sperm maturation process.  In this study, MS 
analysis of two corpus segments led to the identification of 720 transient proteins in 
the macaque epididymal sperm proteome.  Of these 720 proteins, 90 (13%) were 
previously identified in the macaque cauda sperm proteome [74].  This difference 
may be a result of (i) missed identification of these proteins in the macaque caudaSP 
in this study (ii) inclusion of some corpus sperm in the previously characterized 
macaqueSP or (iii) individual variation in sperm composition, or the timing of protein 
removal.   
In the mouse epididymal sperm proteome, we previously identified 183 
transient proteins, 15 of which were also identified to be transient in this study 
including CLCC1, ABCC3, LACTB, EDEM3, ERMP1, MMU.11980 (MRPS36 in mouse), 
C8H8ORF74 (4930578I06Rik in mouse), GLIPR1L2, BLOC1S1, SCO1, MMU.18938 
(4921511H03Rik in mouse), MMU.18937 (DEFB23 in mouse), MMU.9715 (ERLIN1 in 
mouse), VARS2 and SLC12A9 [107].  To date, none of these proteins have known 
functions in sperm and several, including C8H8ORF74 and MMU.18938 have no 
known function in any tissue type.  Overall, these proteins likely play an important 
role in the sperm maturation process which has yet to be elucidated.   
Network Analysis 
We conducted a number of network analyses to determine how the molecular 
function profile of sperm changes during epididymal transit.  First, we compared the 
caputSP and proximal corpusSP (Figure 3.3A) and found that the molecular function 
of sperm proteins from these two regions are extremely similar (white nodes, Figure 
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3.3A).  This is perhaps unexpected considering that 501 proteins are added to, and 
438 proteins are removed from sperm during transit through these two segments.  
The caputSP was found to be enriched in proteins involved in antigen binding, 
including IGHM and IGKV1-5 and hydrolase activity acting on ester bonds including 
AHCYL2 and RNPEP whose functions in sperm remain unknown.   
When comparing the proximal corpusSP and the distal corpusSP, a number of 
functional categories were found to be enriched in the proximal corpus including 
transferase activity, structural component of ribosome, intramolecular transferase & 
oxidoreductase activity, carbon-carbon lyase activity, complement binding, protein 
anchor activity, oxidoreductase activity, protein transporter activity, galactoside 
binding, quinone binding, GTPase inhibitor activity and GPI-anchor transamidase 
activity (Figure 3.3B).  Two categories, cytokine binding, including ITGAV, OPTN and 
TRIM16, and heparin binding, including APOB, FN1 and OPTN were found to be 
enriched in the distal corpus as compared to the proximal corpus (Figure 3.3B).  In 
this study, ITGAV (CD51) was identified in the distal corpusSP and caudaSP and 
previous studies identified this protein to be located in the post-acrosomal area of 
human sperm, however it’s function remains to be elucidated [112].  APOB was 
identified in in the distal corpusSP and caudaSP and is known to be associated with a 
number of abnormal sperm phenotypes including acrosome reaction, motility, and 
sperm number (see Table 3.3).   
Finally, we compared the distal corpusSP and caudaSP and found that a 
number of functional categories are enriched in the distal corpus including 
oxidoreductase activity, ribonucleoprotein complex binding, ligase activity, isomerase 
activity, lyase activity, antioxidant activity, thioredoxin peroxidase activity, lamin 
binding, adenosine deaminase activity, and antigen binding (Figure 3.4C).  Proteins 
involved in receptor signaling complexes, such as DAB2IP, HOMER2, LDLRAP1, 
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MAGI2, NCK2 and SHANK1 were found to be enriched in the caudaSP, as compared 




Figure 3.3. GO Molecular Function Networks comparing (A) the caput (blue) and 
proximal corpus (pink) (B) proximal corpus (blue) and distal corpus (pink) and (C) 
distal corpus (blue) and cauda (pink) SPs. Each node represents a MF GO term and 
nodes representing GO terms that are enriched in a particular segment are colored.  
White nodes represent GO terms that are equally represented in both segments. All 




Comparison to the Mouse Epididymal SP and the MacSP 
In this study we identified 1951, 2014, 1764 and 1423 proteins in the caput, 
proximal corpus, distal corpus and cauda SPs respectively which correspond to 1938, 
2000, 1754, and 1410 unique Ensembl gene IDs (Table 3.4).  In the mouse, 1536, 
1720 and 1234 proteins were identified in the caput, corpus and caudaSPs 
respectively, which correspond to 1522, 1702 and 1210 unique Ensembl IDs 
available for comparison (Table 3.4).  Using Ensembl, we identified 1523, 1570, 
1402 and 1167 gene IDs in the macaque caput, proximal corpus, distal corpus and 
caudaSPs respectively which have pre-determined 1:1 orthologs in the mouse which 
we used to determine overlap between the two species [113].  Overall, 727 genes 
were found to be common to the macaque and mouse caputSP (48%), 808 were 
found to be common to the macaque proximal corpusSP and the mouse corpusSP 
(51%), 636 were found to be common to the macaque distal corpusSP and the 
mouse corpusSP (45%) and 335 were found to be common to the macaque caudaSP 
and the mouse caudaSP (29%) (Table 3.4, Figure 3.4). 
 
Table 3.4. Comparison of macaque and mouse epididymal sperm proteomes 
 






# proteins in 
macaque 
1951 2014 1764 1423 
# unique gene IDs 1938 2000 1754 1410 
Mouse 
# proteins in mouse 1536 1720 1234 
# unique gene IDs 1522 1702 1210 
Comparison 
Macaque genes with 
1:1 ortholog in 
mouse  
1523 1570 1402 1167 
Overlap 727 808 636 335 




Figure 3.4. Venn diagrams depicting the overlap between the macaque and mouse 
epididymal sperm proteomes.  The mouse corpus SP was compared to both the 
macaque proximal and distal corpusSP.   
 
The study of the mouse sperm proteome from numerous epididymal 
segments sampled sperm from the whole corpus, while in the present study the 
corpus was segmented into proximal and distal sections and the sperm proteome 
was determined from each section.  Overall, a number of proteins were identified in 
the mouse corpusSP and both the macaque proximal and distal corpusSPs, however 
a greater degree of overlap was observed between the mouse corpusSP and the 
macaque proximal corpusSP.  In addition, from the proximal corpusSP to caudaSP, 
the number of proteins that were identified in both mouse and macaque sperm 
declines from 45% to 29%.     
In the mouse epididymal SP, 732 proteins were found to be added to and 
1034 proteins were found to be removed from sperm during epididymal transit.  We 
compared these proteins to the 1739 proteins found to be added to, and the 2267 
proteins found to be removed from macaque sperm during epididymal transit and 
found that 107 proteins were identified as added to sperm and 358 were found to be 
removed from sperm during epididymal transit in both species.   
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Ensembl gene IDs were compared to determine the overlap of the macaque 
caudaSP from this study (1410 unique Ensembl gene IDs) to the previously 
published MacSP (1166 unique Ensembl gene IDs).  In total, we identified 514 gene 
products common to cauda sperm from both studies, an overlap of 44%.   
Discussion 
Using mass spectrometry, we determined the rhesus macaque sperm 
proteome from 4 epididymal segments including the caput, proximal corpus, distal 
corpus, and cauda.  Using strict criteria for peptide and protein identification, we 
identified 1951, 2014, 1764 and 1423 proteins in the caputSP, proximal corpusSP, 
distal corpusSP, and caudaSP respectively.  Overall, 498 proteins were found to be 
common to all four epididymal segments, while 324, 300, 340, and 530 proteins 
were found to be unique to the caputSP, proximal corpusSP, distal corpusSP and 
cauda respectively.   Although the rhesus macaque caudaSP has previously been 
reported, no previous study has examined the caputSP or corpusSP from a non-
human primate. 
GO analysis of sperm proteins from each segment revealed that the functional 
profile of sperm changes during epididymal transit.  For example, we identified 
proteins involved with localization, including cellular and protein localization to be 
enriched in the SP from all segments, though the number of proteins in this category 
generally declined from the caput to cauda epididymis.  These proteins are likely 
involved in sperm remodeling that occurs during epididymal transit and ensuring that 
proteins acquired during epididymal transit reach the appropriate cellular location.  
Further, membrane proteins were found to be abundant in the caputSP, however the 
number of membrane proteins decrease from the caput to cauda SPs.  A previous 
study of the mouse caput, corpus and caudaSP identified a similar decrease in the 
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number of membrane proteins identified from the corpus to caudaSP, suggesting 
that this reduction may be due to pruning of sperm surface proteins during 
epididymal maturation [107] 
We found that proteins related to sexual reproduction were enriched in the 
distal corpusSP and caudaSP but not in earlier epididymal segments.  The proteins 
related to sexual reproduction were found to be extremely dynamic and overall, only 
17 proteins related to sexual reproduction were identified in sperm from all 4 
segments, including ACR, KLHL10, KRT9, SERPINA5, SPAG6, SPAN1, TSSK2, ZAN 
and ZPBP.  The remainder of the proteins identified in this GO category are added 
and/or removed during epididymal transit.  This suggests that many proteins known 
to be involved in sexual reproduction may play a role in the sperm maturation 
process but are not ultimately components of mature sperm.   
Proteins involved in the cell cycle were found to be enriched in the caudaSP 
and the number of cell cycle proteins increases in sperm from the caput to cauda SP, 
suggesting that some of these proteins may be acquired during epididymal transit.  
Several of the cell cycle proteins identified in sperm are associated with abnormal 
sperm phenotypes including ATM, BRCA1, CSNK2A2, DICER1, and PRKACA.  
Interestingly, previous comparative functional analysis of the macaque, human and 
mouseSPs revealed that a number of proteins involved in the cell cycle were present 
in the macaque and humanSPs but not in the mouseSP [74] suggesting that 
enrichment for cell cycle proteins may be specific to the primate lineage.   
A previous study of the mouse caputSP, corpusSP and caudaSP noted that the 
number of proteins in sperm increased from the caput to corpus SP, from 1536 to 
1720 proteins, and subsequently decreased in the cauda to 1234 proteins [107].  
The same trend was observed with regards to the macaque, as the number of 
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proteins identified increased from 1951 in the caputSP to 2014 in the proximal 
corpusSP and subsequently decreased to 1764 proteins in the distal corpusSP and 
1423 proteins in the caudaSP.  The considerable decrease in the number of proteins 
from the corpusSP to the caudaSP likely reflects the pruning of sperm proteins that 
occurs during maturation in the epididymis, the mechanism for which remains 
unknown. 
When comparing the macaque and mouse epididymal sperm proteomes, we 
found 727 genes to be common to the macaque and mouse caputSP (48%), 808 to 
be common to the macaque proximal corpusSP and the mouse corpusSP (51%), 636 
to be common to the macaque distal corpusSP and the mouse corpusSP (45%) and 
335 to be common to the macaque caudaSP and the mouse caudaSP (29%) (Table 
3.4, Figure 3.4).  One major difference between the study of sperm maturation in 
the macaque is that the corpusSP was split into two sections to obtain a proximal 
and distal corpusSP, while in the mouse the corpus was sampled as one segment.  
We found that the macaque proximal corpusSP had a greater degree of overlap 
(51%) with the mouse corpusSP than the macaque distal corpusSP (45%).  This 
observation may be a result of differences in the number of proteins identified in the 
macaque corpus SPs, as more proteins were identified in the proximal corpusSP 
resulting in a larger overlap with the mouse corpusSP.  In addition, the amount of 
overlap decreases from the proximal to distal epididymis, where the overlap between 
the mouse and macaque caudaSP is only 29%.    Another possibility for this 
observation is that the process of sperm generation in the testis is highly conserved 
among species, so sperm from the proximal epididymis are similar in composition 
across species whereas the process of epididymal maturation, or the proteins that 
are added and removed from sperm during epididymal maturation, has diverged 
across species.  This divergence ultimately would result in differences in mature 
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sperm composition across species and may also result in species specific differences 
in sperm specific processes such as capacitation and the acrosome reaction and also 
contribute to reproductive isolation among species.  Differences in mature sperm 
composition has been observed in a number of studies, for example the macaque 
and human SPs and the macaque and mouse SPs were found to share 40% and 47% 
homology respectively [74].  Although the relatively low degree of overlap may in 
part be due to differences in methodology, such as sample acquisition, preparation 
and MS techniques, it is also likely that it is due to true biological differences in 
mature sperm composition among even closely related species.    
We compared the number of proteins found to be added and removed from 
sperm during epididymal transit in both the macaque and mouse.  During epididymal 
transit in the mouse, 732 and 1034 proteins were found to be added to and removed 
from sperm respectively, while in the macaque 1739 and 2267 proteins were found 
to be added to and removed from sperm respectively.  In total, we identified 107 
proteins which are added to sperm and 358 proteins which are removed from sperm 
in both the macaque and mouse sperm during epididymal maturation representing 
an overlap of approximately 15% (107/732) of added and 35% (358/1034) of 
removed proteins between the two species.  The overlap of added proteins is 
noticeably less than the overlap of removed proteins which suggests that the 
composition of sperm emerging from the testis is similar, and that a similar suite of 
proteins require removal from sperm during epididymal transit, while additions to the 
sperm proteome during the maturation process may be somewhat species specific. 
In this study, we identified 720 transient proteins which are added to, and 
subsequently removed from sperm during epididymal transit.  In the previous study 
of the mouse epididymal sperm proteome, 183 transient proteins were identified, 15 
of which were also found to be transient in the macaque epididymal sperm proteome 
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[107].  The sperm specific function of these proteins remains to be elucidated, and of 
the 15 proteins 3 have no known function in any tissue including VARS2, C8H8ORF74 
and MMU.18938.  Overall, this set of proteins warrants further study because they 
may play a conserved role in the sperm maturation process across species.  In the 
macaque epididymal sperm proteome we were able to identify a much larger number 
of transient proteins because we studied both the proximal and distal corpusSP as 
opposed to the mouse epididymal sperm proteome where the corpusSP was studied 
as one segment.  Overall, the low level of overlap between transient proteins in the 
mouse and macaque epididymis supports the idea that the process of sperm 
maturation is divergent across mammalian species.   
A previous study undertaken in our laboratory identified 1247 proteins in the 
rhesus macaque caudaSP.  We identified 514 proteins common to the caudaSP from 
both studies, an overlap of 44%.  Many of the most abundant proteins found in the 
MacSP, as determined by spectral counts, were also found to be among the most 
abundant proteins in the caudaSP from this study, including AKAP4, GAPDHS, 
GSTM3, KRT1, KRT2, KRT10, ODF2 and TUBB2B.  Despite using the same methods in 
both studies for sample preparation and MS, several factors may have prevented us 
from obtaining higher levels of overlap between the two datasets. For example, three 
replicate samples were used to determine the MacSP, while the caudaSP from this 
study was determined from one sample which may have caused us to miss proteins 
present in low abundance that we were able to identify in the MacSP.  Further, 
protein identifications were made using different databases, namely the MacSP 
utilized a FASTA file from NCBI, while the caudaSP from this study utilized a FASTA 
file from Ensembl.  Since the Ensembl file we used was much more recent than the 
available FASTA file, updates in protein annotation likely allowed us to identify 
proteins which remain unannotated or uncharacterized in NCBI.  This certainly 
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highlights the difficulty of comparative proteomics, as these problems are certainly 
worsened by comparing across species and across studies using different sample 
preparation and MS methodologies.   
Proteomic analysis of sperm during from different segments of the epididymis 
has begun to highlight the complexity of the maturation process at the level of sperm 
composition.  Comparative analysis of data from both the macaque and mouse 
suggests that the maturation process may be remarkably different across species 
which may ultimately lead to the differences observed in mature sperm composition.  
These differences in mature sperm composition may contribute to differences in 
sperm specific processes such as the acrosome reaction and capacitation and 
contribute to reproductive isolation.  While this study provides a systems level 
overview of sperm maturation from the rhesus macaque, studies of sperm 
maturation in other species will undoubtedly help to better understand this complex  
process and reveal additional conserved and species specific processes.  Ultimately, 
findings from this study and similar studies can be used to better inform studies of 
infertility, selection of sperm proteins as contraceptive targets, and contribute to a 
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Introduction 
Sperm represent a recognized evolutionarily and functionally conserved cell 
type among sexually reproducing taxa.  However, despite being functionally 
conserved, sperm morphology varies enormously across species.  High throughput 
mass spectrometry (HTMS) has greatly increased our understanding of the 
composition and functional potential of sperm but has done little to provide clues to 
the molecular mechanisms driving the morphological differences in sperm.  To date, 
sperm proteome data exists for a number of taxa such as insects, plants, and 
mammals including the mouse, rat, macaque and human [11,12,18,19,74,114–116].  
Despite this wealth of sperm proteome data, no comparative studies have been 
undertaken using existing proteome data within or across taxa.  This study provides 
a comparative analysis of four mammalian sperm proteomes including the human, 
rhesus macaque, mouse and rat and discusses insights that can be drawn from 
comparative functional analyses [18,74,107,116].   
Several significant challenges exist when undertaking comparative proteomics 
analysis.  Of the four sperm proteomes compared in this study, differences exist in 
sample acquisition and preparation, MS methods, and data analysis criteria.  In 
terms of sample acquisition, for analysis of the rhesus macaque, mouse and rat 
sperm proteomes mature sperm was obtained from the cauda epididymis while for 
the humanSP mature sperm was purified from ejaculates [18,74,107,116].  Sperm 
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obtained from the cauda epididymis is relatively pure, while sperm obtained from 
ejaculates, although purified from seminal fluids, are often still associated with 
seminal plasma proteins.  For example, a major seminal protein family, the 
semenogelins, are not known components of mammalian sperm but were identified 
in the humanSP [18].  Overall, datasets derived from ejaculates makes it difficult to 
differentiate which of the identified proteins are sperm components or seminal 
plasma components.  In the case of the humanSP, it is unclear how many of the 
1056 proteins identified in the sperm proteome are actual sperm components, which 
ultimately reduces the number of sperm proteins in the reported dataset.     
Across the four studies, several differences exist in the sample preparation 
techniques and MS equipment used to generate the SP dataset.  For the macaqueSP 
and mouseSP, proteins were run on a SDS-PAGE gel, an in-gel digestion protocol 
was used to generate and extract resulting peptides and peptides were analyzed 
using a linear trap quadrapole Orbitrap MS [74,107].  For the humanSP, sperm 
proteins were separated into Triton X-100 soluble and insoluble fractions, run on an 
SDS-PAGE gel and analyzed by nanoscale reverse phase HPLC MS [18] while for the 
ratSP samples were separated using IPG strip pre-fractionation and analyzed using 
nanoscale reverse-phase HPLC MS [116].  Different sample preparation and pre-
fractionation schemes coupled with the use of different MS equipment may 
preferentially select for different types of proteins.  Further, more recent studies 
employing newer MS equipment often achieve a higher level of coverage than earlier 
studies.  
Finally, the datasets differ by the algorithms and databases chosen to identify 
proteins from the resulting MS data and protein inclusion criteria.  For the 
macaqueSP, MS data files were analyzed using Sequest and X!Tandem, protein IDs 
were reported using NCBI RefSeq identifiers, and proteins were only included in the 
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dataset if they were identified by a minimum of 3 peptides, meanwhile in the 
mouseSP, only X!Tandem was searched and protein IDs were reported in Ensembl 
identifiers if they were identified by a minimum of 2 peptides [74,107].   For the 
humanSP and ratSP, MS datafiles were analyzed using TurboSequest, protein IDs 
were reported using IPI identifiers, and proteins were included in the resulting 
datasets if they were identified by a minimum of 2 and 1 peptide for the humanSP 
and ratSP respectively [18,73].   
In terms of algorithms, each have their own strengths and weaknesses and 
can perform better or worse depending on the nature of the data and experimental 
parameters [117].  To date a comparative study of MS search algorithms is lacking 
but it is likely that the choice of search algorithm ultimately impacts the resulting 
proteomic data [117].  The use of different databases to report sperm proteome data 
(ie. Ensembl versus NCBI versus IPI) necessitates conversion to one common 
database for comparison if pre-determined orthology relationships are to be used, 
which ultimately results in loss of coverage resulting from a lack of mapped IDs 
between databases.  Finally, studies which require a higher number of minimum 
peptides to include a protein in the resulting SP dataset are inherently more 
stringent than those which require fewer peptides.  For example, a protein may be 
identified in the ratSP (min peptides = 1) and not identified in the macSP (min 
peptides =3) when that protein was in fact identified in the macSP, but not included 
in the final dataset due to lack of unique peptides.  On the other hand, a protein 
identified by one peptide may represent a false positive identification and not 
actually be a sperm component. 
Despite the myriad of challenges that exist, comparative sperm proteomics 
have a number of applications in evolutionary biology and medicine.  Since the 
evolutionary history of sperm remains unknown, comparative proteomics can help 
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supplement studies of sperm morphology to reconstruct phylogenies, providing clues 
about the origin of sperm.  Further, comparative analyses will allow the identification 
of lineage and species specific sperm proteins which can provide clues regarding the 
molecular basis for reproductive isolation and also differences in sperm specific 
functions such as capacitation and the acrosome reaction.  Finally, comparative 
studies can inform research which utilizes sperm proteins as contraceptive targets.  
For example, information about species specific sperm proteins can be used to 
develop species specific contraceptives which will ultimately increase the safety of 
such reproductive technologies. 
Experimental Procedures 
Dataset Conversion 
To determine proteome overlap and allow comparison between datasets, the 
protein identifiers from each sperm proteome were converted to Ensembl identifiers.  
The Ensembl database was chosen because it contains pre-determined orthology 
information between the species studied [113].  Corresponding Ensembl geneIDs 
were previously reported for the macaqueSP and mouseSP and were obtained from 
supplemental materials [74,107].  The humanSP and ratSP were reported using IPI 
numbers which were obtained from supplemental materials [18,116]. The Ensembl 
Genes 71 database as accessed through Biomart (biomart.org, version 0.7) was 
queried using IPI numbers corresponding to the humanSP and ratSP to obtain 
corresponding Ensembl gene IDs [118]. 
Dataset Comparison 
Biomart Ensembl Genes 71 was queried with Ensembl gene IDs corresponding 
to each dataset (humanSP, macaqueSP, mouseSP and ratSP) to retrieve orthologous 
Ensembl gene IDs and homology type information for each of the other species 
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[118].  For example, if Ensembl gene IDs corresponding to the humanSP were used 
to query Biomart, orthologous Ensembl gene IDs and homology type were retrieved 
for the rhesus macaque, mouse and rat.   
In order to determine the coreSP (overlap between the humanSP, 
macaqueSP, mouseSP and ratSP), 1:1 orthologs for the human, mouse and rat 
corresponding to the macaqueSP were filtered and subsequently searched against 
the humanSP, mouseSP and ratSP.  A protein was considered part of the coreSP if a 
1:1 ortholog was identified in all four proteomes.  A protein was considered lineage 
specific if a 1:1 ortholog could be identified in, for example, the humanSP and 
macaqueSP but was absent from both the ratSP and mouseSP (primate lineage 
specific), or was present in the mouseSP and ratSP but absent from both the 
humanSP and macaqueSP (rodent lineage specific).  Proteins were considered 
species specific if they were identified in a single species and had no orthologs of any 
type in any of the other SPs.  For example, a protein was considered specific to the 
humanSP if an ortholog of any type (including 1:1, 1:many, or many:many 
orthologs) failed to be identified in the macaqueSP, mouseSP and ratSP.  For the 
purpose of this study, we did not focus on proteins which were identified in, for 
example, three of the four proteomes studied (ie. humanSP, macSP, mouseSP) or 
pairwise comparisons outside of lineage specific proteins (ie. humanSP / mouseSP).   
Network generation 
Networks were created using Gene Ontology (GO) Biological Process 
Annotations (downloaded 23.05.2013) as implemented in the ClueGo plugin v2.0.5 
of Cytoscape v3.0.0 [29,119,120].  To analyze the coreSP (98 identifiers), an 
enrichment (right-sided hypergeometric) test was used with a Benjamini-Hochberg 
multiple test correction.  GO Tree Levels (min=1;max=3) and GO term restriction 
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(min#genes=1,min%=1%) were set and terms were grouped using a Kappa Score 
Threshold of 0.3. For all networks, resulting groups consisted of a minimum of 2 
terms, and groups sharing >50% of terms were merged.  
For functional comparison of lineage specific proteins (82 primate versus 90 
rodent identifiers), an enrichment/depletion (two-sided hypergeometric) test was 
used with a Benjamini-Hochberg multiple test correction.  GO Tree Levels 
(min=1;max=3) and GO term restriction (min#genes=1,min%=1%) were set and 
terms were grouped using a Kappa Score Threshold of 0.3.  For all networks, 
resulting groups consisted of a minimum of 2 terms, and groups sharing >50% of 
terms were merged. 
For functional analysis of species specific proteins (494 human, 467 macaque, 
566 mouse, 193 rat identifiers) an enrichment (right-sided hypergeometric) test was 
used with a Benjamini-Hochberg multiple test correction.  GO Tree Levels 
(min=1;max=3) and GO term restriction (min#genes=3,min%=1%) were set and 
terms were grouped using a Kappa Score Threshold of 0.3.  For all networks, 
resulting groups consisted of a minimum of 2 terms, and groups sharing >50% of 





In order to compare the human, macaque, mouse and rat SPs we converted 
all sperm proteome protein identifiers to Ensembl Gene IDs.  The humanSP reported 
1056 proteins using IPI identifiers which, when input into Biomart, resulted in 990 
unique Ensembl Gene IDs available for use in this study (Table 4.1) [18].  The 
Ensembl Gene IDs for the macaqueSP and mouseSP were previously reported and 
the macaqueSP contained 1247 proteins which resulted in 1166 unique Ensembl 
Gene IDs while the mouseSP contained 1234 proteins which resulted in 1210 unique 
Ensembl Gene IDs [74,107].  Finally, the ratSP contained 829 proteins reported 
using IPI identifiers which, when input into Biomart resulted in 698 Ensembl Gene 
IDs for comparative study [116].  The ratSP contains the fewest IDs available for the 
comparative study and overall, limits the amount of overlap that can be detected. 
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Table 4.1.  Overview of the four SPs compared in this study.  Divergence estimate 





















































1056 1247 1234 829 
IDs available for 
comparative 
study 
990 1166 1210 698 
 
Comparison of Mammalian Sperm Proteomes 
Using four previously characterized mammalian sperm proteomes and 
established orthology information, we determined the number of core, lineage 
specific and species specific sperm proteins (Table 4.2).  We identified 98 proteins 
which share 1:1 orthology and are present in the humanSP, macaqueSP, mouseSP 
and ratSP, comprising proteins expected to be found in any mammalian sperm 
proteome, which we term the coreSP (Supplemental Table 4.1).  If we were to 
consider any type of orthology relationship, including 1:many and many:many 
~90 MYA 
~25 MYA ~30 MYA 
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orthologs, the number of proteins in the coreSP increases slightly to 132, however in 
this study only 1:1 orthologs are used for analysis.   
Evolutionarily, the four species studied can be divided into two distinct 
lineages which diverged approximately 90 million years ago (MYA) (estimate from 
timetree.org), including the primate lineage, which includes the human and macaque 
and rodent lineage which includes the mouse and rat.  We identified 82 1:1 orthologs 
in both the humanSP and macSP which were not identified in either the mouseSP or 
ratSP which comprise primate lineage specific sperm proteins.  In the same manner, 
we identified 90 1:1 orthologs in both the mouseSP and ratSP which were not 
identified in either the humanSP or macSP which comprise rodent lineage specific 
sperm proteins (Supplemental Table 4.2).  If we consider orthologs of any type, the 
number of primate and rodent lineage specific proteins increases slightly to 113 and 
102 respectively, however it should be noted that including other types of orthologs, 
whose relationships are often ambiguous, does not significantly increase the size of 
the dataset available for study. 
Finally, we studied the proteome from each species to determine how many 
proteins were species specific, meaning that no orthologs of any type (includes 1:1, 
1:many, many:many etc.) were identified in the other 3 proteomes studied.  For the 
humanSP, we identified 494 proteins with no orthologs in the macSP, mouseSP, or 
ratSP which represents 50% of the total humanSP.  Of these 494 proteins, 57 have 
no annotated orthologs in the other species studied, representing 6% of the 
humanSP.  For the macaqueSP, we identified 467 proteins with no orthologs in the 
other SPs studied, representing 40% of the macaqueSP, 22 of which have no 
annotated orthologs in the other three species.  For the mouseSP, we identified 566 
proteins with no orthologs in the other species studied, representing 43% of the 
mouseSP, 10 of which have no annotated orthologs in the other 3 species.  Finally, 
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for the ratSP, we identified 193 proteins with no orthologs in the other sperm 
proteomes, which represents 28% of the ratSP, 6 of which have no annotated 
orthologs in the other 3 species.  All species specific proteins are listed in 
Supplemental Table 4.3. 
 
Table 4.2.  (A) Core, (B) lineage, and (C) species specific sperm proteins.  (A & B) 
The number of 1:1 orthologs and any orthologs are reported for the coreSP and 
lineage specific sperm proteins.  (C) Species specific proteins include those with no 
orthologs of any type in any of the other SPs studied.  Percentage in brackets beside 
the number of species specific proteins represents the percent of that SP that is 
comprised of species specific sperm proteins.  The number of proteins which have no 
annotated orthologs in the other species is also listed, and the number in brackets 
denotes the percentage of the SP that is made up of species specific proteins with no 
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Any orthology 132 
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1:1 orthology 82 90 
Any orthology 113 102 
 










No overlap with other SPs 494 (50%) 467 (40%) 566 (43%) 193 (28%) 
No orthologs in other species 57 (6%) 22 (2%) 10 (1%) 6 (1%) 
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Functional Analysis of the CoreSP 
Although comprised of relatively few proteins, the coreSP represents a 
number of diverse functional categories central to sperm biology (Figure 4.1).  
Biological process network analysis revealed that a number of categories related to 
reproduction were significantly enriched in the coreSP including reproductive process, 
sperm motility, gamete generation and development, sperm-egg recognition, 
fertilization and the acrosome reaction.    These categories were represented by a 
number of proteins with known sperm functions including ACR, AKAP3, AKAP4, 
GAPDHS, KLHL10, SPA17, SPACA3, TEKT2 and ZPBP.  The coreSP was also found to 
be statistically enriched in proteins involved in establishment of localization, 
microtubule cytoskeleton organization, protein stability, transport, lipid metabolic 
process, reactive oxygen species (ROS) metabolic process, generation of precursor 
metabolites and energy, catalytic activity, small molecule metabolic processes, cell 
cycle process, stress response, and antigen processing and presentation.    
118 
 
Figure 4.1.  Functional analysis of the coreSP.  Each node represents a GO term and 
node color indicates the significance of the enrichment of that GO category.   
 
Lineage Specific Network Analysis 
We conducted a network analysis to compare the functional categories 
represented by proteins exclusive to sperm from the rodent lineage as compared to 
proteins exclusive to sperm from the primate lineage.  In Figure 4.2, green nodes 
illustrate GO functional categories that are overrepresented in sperm from the rodent 
lineage as compared to the primate lineage, whereas red nodes are functional 
categories that are overrepresented in sperm from the primate lineage as compared 
to the rodent lineage.  White nodes are equally represented in both lineages.  
Lineage specific proteins in rodents span a range of functions including small 
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molecule biosynthetic process, response to drug, organic ether metabolic process, 
electron transport chain, apoptotic signaling pathway, cofactor metabolic process, 
and spermatid differentiation.  Different functional categories are represented in the 
primate lineage including microtubule cytoskeleton organization, microtubule based 
process, maintenance of location, movement, development, metabolic processes, 
regulation of binding, RNA transport & localization, cell cycle, cell junction assembly 
and cellular component assembly.  Although not labeled in Figure 4.2, white nodes 
include a number of metabolic processes, including lipid, phospholipid and 
carbohydrate metabolic process, generation of precursor metabolites and energy, 
ciliary or flagellar motility, locomotory behavior, lipid localization and cell redox 
homeostasis.  Overall, lineage specific proteins in rodents represent different 
functional categories than lineage specific proteins in primates which may reflect 





Figure 4.2. Functional comparison of lineage specific proteins.  Green nodes are GO 
functional categories that are overrepresented in sperm from the rodent lineage as 
compared to the primate lineage, whereas red nodes are functional categories that 
are overrepresented in sperm from the primate lineage as compared to the rodent 








Species Specific Network Analysis 
We identified 494, 467, 566 and 193 species specific proteins in the 
humanSP, macaqueSP, mouseSP and ratSP respectively.  In order to determine if 
there were functional differences across species, we generated a network analysis for 
the species specific proteins for each species (Figure 4.3).  Despite a large number of 
species specific proteins in the macaqueSP, very few functional categories were 
found to be overrepresented and include reproduction and cellular component 
organization.  Microtubule cytoskeleton organization and microtubule based process 
were also found to be slightly overrepresented, however this enrichment is not 
statistically significant (p = 0.05 – 0.1).  Similarly, the humanSP contains a number 
of species specific proteins but very few functional categories were found to be 
overrepresented including regulation of microtubule based process, microtubule 
based process, microtubule based movement and cell cycle.  Interestingly, both 
human and macaque species specific proteins are enriched for microtubule based 
processes which are not found to be enriched in the mouse or rat species specific 
proteins.  
The network analysis for mouse species specific proteins shows that many 
nodes relating to metabolic processes and generation of precursor metabolites and 
energy to be enriched, as well as proteins involved in macromolecular complex 
subunit organization, actin filament based movement, cerebellum development and 
localization and transport.  While relatively few rat species specific proteins were 
identified as compared to the other species, they are enriched in a broad range of 
functional categories including metabolic processes, locomotion, stress response, 
immune response, regulation, transport and localization.  Similar to the mouse, 
many of the rat species specific proteins are enriched for generation of precursor 
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metabolites and energy, a category which was absent from both the macaque and 
human species specific protein networks.   
 
 
Figure 4.3. Functional analysis of species specific proteins.  Each node represents a 
GO term and node color indicates the significance of the enrichment of that GO 





In this study we compared four mammalian sperm proteomes, including the 
human, rhesus macaque, mouse and rat, and identified a number of core, lineage 
specific, and species specific sperm proteins.  Comparative analyses using data from 
a number of studies is difficult due to lack of standard methodologies between 
studies and lack of standard data reporting.  For example, the data we compared in 
this study differ by sperm source, sample preparation, MS equipment and 
parameters, number of resulting sperm proteins and the database which was 
searched to identify the resulting proteins (see Table 4.1, also discussed in the 
introduction).  For example, studies of the mouse and macaque SPs employed the 
same sample preparation and MS equipment, are the most recent, and resulted in 
the greatest number of sperm proteins identified at 1234 and 1247 proteins 
respectively.  The human and rat SPs each employed unique sample preparation 
techniques and used older MS equipment which led to the identification of 1056 and 
829 proteins respectively.  Of the four proteomes considered, the ratSP is the 
smallest and is the overall limiting factor to the number of core sperm proteins and 
rodent lineage specific proteins that can be identified in this study.  
Aside from study specific differences, comparative studies also suffer from 
robustness of genome annotations and available orthology information.  For 
example, the human genome and the genome of popular model organisms such as 
the mouse and rat tend to have more robust genome annotations than less 
commonly studied organisms which ultimately impacts protein identification and 
available orthology information.  Overall, the four organisms used in this study have 
well annotated genomes, however many other taxa for which sperm proteome data 
exist are not nearly as well annotated which would extremely limit the ability to 
conduct comparative studies which include additional species.  Further, the species 
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we used for this study have pre-determined orthology relationships in Ensembl, 
whereas for many other organisms these pre-determined orthology relationships are 
not readily available and would have to be generated before a comparative analysis 
could be undertaken.   
Functional Analysis of the CoreSP 
Sperm are a conserved cell type across most sexually reproducing species 
and are tasked with delivering genetic information to the egg.  Mammalian sperm are 
generally motile and undergo two specialized processes before fertilization including 
capacitation and the acrosome reaction.  Considering these similarities, it is expected 
that sperm composition would be well conserved, especially among relatively closely 
related mammalian species.  In this study, we identified 98 1:1 orthologs in the 
human, macaque, mouse and rat SPs (coreSP) which represents a mere 15% 
(98/698) of the ratSP, the smallest proteome available for comparison, or 22% 
(98/446) of proteins in the ratSP which have 1:1 orthologs in the other 3 species.     
A GO biological process network analysis revealed that the coreSP represents 
a number of diverse functional categories central to sperm biology, despite the fact 
that it is comprised of a relatively small number of proteins.  Several proteins in the 
coreSP are involved in sperm specific processes such as sperm motility (AKAP4, 
GAPDHS, TEKT2), the acrosome reaction (ACR, AKAP3, C9ORF11), sperm-egg 
recognition (SPA17, SPACA3, ZPBP) and fertilization (ACR, AKAP3, AKAP4, C9orf11, 
CALR, CYLC2, DNAJB13, GAPDHS, KLHL10, PGAM2, PRKACA, SPA17, SPACA3 and 
ZPBP).  A number of these proteins have known sperm functions including ACR, 
AKAP3, AKAP4, GAPDHS, KLHL10, SPA17, SPACA3, TEKT2 and ZPBP.  For example, 
AKAP4 is a component of the sperm flagellum and male mice lacking AKAP4 have 
sperm impaired motility are infertile [109].  GAPDHS is a sperm specific isoform of 
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GAPDH and males lacking this protein produce sperm with low levels of ATP, no 
forward motility and are ultimately infertile [122]. 
Proteins involved in establishment of localization were also found to be 
enriched in the coreSP and include ALB, PRKACA, PRKARA and VAMP3.  During 
maturation in the epididymis, sperm gain and lose a number of proteins in a well-
organized manner and it is likely that proteins involved in localization are involved 
with this restructuring process.  Several proteins in the coreSP are also involved with 
microtubule cytoskeleton organization including FLNA, TEKT1, TEKT2, TEKT3 and 
TEKT5.  This category includes several tektins which are associated with the 
axoneme, a component of the sperm flagellum  [81].  Proteins involved in lipid 
metabolic process, including CP2, EPI1, HADHA, LCP1 and PRKACA and ROS 
metabolic process, including NDUFS1, NDUFS3, SOD2 were found to be enriched in 
the coreSP.  While sperm cells naturally generate ROS as a result of normal 
metabolic processes, ROS have also been implicated in infertility (reviewed in 
[123,124]).  Generation of precursor metabolites and energy, catalytic activity, and 
regulation of metabolic processes and energy were also found to be enriched in the 
coreSP.  Enrichment of these categories likely reflects the uniquely high energy 
requirement of sperm for motility.  Finally, proteins involved in antigen processing 
and presentation were found to be enriched in the coreSP, including CALR, PDIA3, 
and proteasome subunits PSMA1, PSMA4, PSMB1, PSMB2, PSMB4, PSMD2, PSMD7.  
A number of immunity proteins have been identified by MS as sperm components 
(reviewed in [43]), and a myriad of proteasome subunits have been previously 
identified in sperm and are thought to play a key  role in sperm-egg penetration, 
capacitation and the acrosome reaction [48,49]. 
 
126 
Lineage Specific Network Analysis 
The four proteomes compared in this study represent two separate lineages, 
the primate lineage consisting of the human and rhesus macaque, and the rodent 
lineage consisting of the mouse and rat.  These lineages diverged approximately 
90MYA and can provide insight into lineage specific differences in sperm composition  
[121].  Network analysis of lineage specific proteins revealed that lineage specific 
proteins in rodents represent different functional categories than those in the 
primate lineage.  GO categories enriched in the rodent lineage include small molecule 
biosynthetic process, response to drug, organic ether metabolic process, electron 
transport chain, apoptotic signaling pathway, cofactor metabolic process, spermatid 
differentiation and sexual reproduction.  The spermatid differentiation and sexual 
reproduction nodes are represented by a number of well characterized sperm 
proteins including FABP9, TSSK6, AKAP14, SPATA20 and TXNDC8.  Although these 
proteins have orthologs in both the macaque and human, they were not identified in 
either the macaqueSP or humanSP.  GO categories enriched in the primate lineage 
include microtubule based metabolic process, microtubule cytoskeleton organization, 
cell cycle, RNA transport and localization, regulation of binding, metabolic processes, 
development, movement, maintenance of location, cell junction assembly and 
cellular component assembly.  Microtubule based processes were also found to be 
enriched in the macaque and human species specific proteins (discussed below).  
Several nodes were also found to be equally enriched in both the rodent and primate 
lineages and include a number of metabolic processes, including lipid, phospholipid 
and carbohydrate metabolic process, generation of precursor metabolites and 
energy, ciliary or flagellar motility, locomotory behavior, lipid localization and cell 
redox homeostasis.  These categories are equally represented, but comprised of 
different proteins in each lineage which suggests that a different suite of proteins 
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may be involved in metabolic processes, generation of energy, and motility.  
Although the evolutionary significance of these functional differences remains 
unclear, it suggests that sperm composition continued to evolve and diverge after 
divergence of the primate and rodent lineages. 
Species Specific Network Analysis 
It was originally expected that a small number of proteins would be species 
specific while a large number of proteins would be identified in the sperm proteome 
of more than one mammalian species.  On the contrary, we found that 28 – 50% of 
each SP that we studied was comprised of species specific proteins, defined as 
proteins with no orthologs of any type in any of the other mammalian SPs studied.  
Some proteins from each species had no pre-determined orthologs in other species 
(see table 4.2) and are thus inherently species specific, however this generally 
accounts for a small number of species specific proteins.  The human and macaque 
diverged approximately 30MYA while the mouse and rat diverged approximately 
25MYA (estimates from timetree.org) [121].  The large number of species specific 
proteins identified in each species illustrates that sperm composition across species 
exhibits a high level of plasticity and suggests that sperm composition may be 
constantly and rapidly changing and evolving which likely contributes to both sperm 
and species evolution. 
Overall, the highest proportion of species specific proteins was identified 
humanSP where 50% of the total proteome was found to be species specific.  Since 
the sperm sample used to determine the humanSP was obtained from ejaculates, it 
is possible that the humanSP contains a number of contaminating seminal proteins 
which would not be identified in the SPs from the other three species studied, since 
sperm was obtained from the epididymis.  The humanSP also contains 57 proteins 
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with no pre-determined orthologs in the rhesus macaque, rat or mouse which 
represents 6% of the total humanSP.  This is notably higher than the percentage of 
the macaque (2%), mouse (1%) and rat (1%) SP that are comprised of proteins with 
no orthologs in other species.  The number of proteins with no orthologs in other 
species may be higher in the humanSP simply due to the lack of annotation of 
orthology relationships with the macaque, mouse and rat. For example, CYP4Z1, 
PCDHA13 and a number of histone proteins include HIST1H4D, HIST1H4F, 
HIST2H3D, and HIST2H4A were identified in the humanSP and have “possible 
orthologs” in the other species studied, however possible orthologs were not 
considered in this study because of the lack of certainty in the orthology relationship.  
Further, several proteins including HIST2H2BE and HIST4H4 have no orthologs in the 
macaque, rat or mouse but do have orthologs in other mammalian species. 
In the network analysis of species specific sperm proteins we found that the 
macaque and human, despite there being a large number of species specific 
proteins, exhibit very few overrepresented functional categories.  Interestingly, both 
human and macaque species specific proteins are enriched for microtubule based 
processes which are not found to be enriched in the mouse or rat species specific 
proteins.  Further, microtubule based processes were also found to be enriched in 
the primate lineage as compared to the rodent lineage in our functional analysis of 
lineage specific proteins (Figure 4.2). Microtubules play a number of roles in sperm, 
one of which is contributing to sperm shape [125].  Macaque and human sperm 
heads are round while sperm from the mouse and rat are characteristically hook-
shaped [126].  Thus, these proteins may contribute, on a molecular level, to the 
difference in sperm head shape observed between the macaque and human as 
compared to the mouse and rat.  Microtubules are also known to play a role in sperm 
specific processes such as capacitation and the acrosome reaction.  Although 
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comparative studies of the composition and function of acrosomes across studies 
have yet to be conducted, the composition of the acrosome and molecular 
mechanisms underlying these processes likely differs slightly from species to species 
[127].  Many acrosomal proteins, especially those mediating sperm-egg interactions 
including ACR, ADAM1, ADAM2, SP17, ZAN and ZP3 have been found to be under 
positive selection in mammals, likely contributing to species specific differences in 
these processes [128,129].  It is thus possible that proteins involved in microtubule 
based processes in the macaque and human SPs may be involved in capacitation and 
the acrosome reaction and contribute to the species specific differences in these 
processes.      
Network analyses also revealed that proteins involved in generation of 
precursor metabolites and energy and metabolic processes are enriched in species 
specific proteins in the mouse and rat SPs but not in the macaque or human SPs.  
This suggests that mouse and rat sperm may be more energy intensive than 
macaque or human sperm.  However since the proteins in these categories are 
species specific, and thus different in the mouse and rat, this enhanced energy 
requirement may be met by employing different proteins or pathways.  In the 
mouseSP, the majority of proteins that comprise the generation of precursor 
metabolites and energy GO category are mitochondrial proteins, many of which are 
components of the respiratory chain including NDUFA3 and NDUFA11 which are 
components of complex I, SDHA, SDHA and SDHD, components of complex II and 
UQCRQ, a component of complex III.  A number of other mitochondrial proteins were 
also identified including CYB5B, DLAT, PDHA1, PDHA2, and PNPT1 which play various 
roles in mitochondrial energy generation.  In the ratSP however, a number of the 
proteins from the generation of precursor metabolites and energy GO category were 
found to be involved in glycogen metabolism including GSK3A, PASK and PHKG2.   
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Although some previous studies failed to detect glycogen in mammalian sperm, more 
recent studies have provided evidence for functional glycogen metabolism in sperm 
obtained from dogs, and this study suggests that glycogen metabolism may also 
function in rat sperm [130,131].   
High throughput mass spectrometry has been an invaluable tool to investigate 
sperm composition across a number of species and taxa.  Sperm proteome 
comparisons are limited by a number of factors including lack of standard methods 
and data reporting, genome annotations, and available orthology information.  
Despite these difficulties, comparison of four mammalian sperm proteomes led to 
several interesting findings.   We identified that lineage specific proteins in rodents 
and primates represent different functional categories, suggesting significant 
differences in sperm composition between lineages which likely occurred as a result 
of continued evolution of sperm after lineage divergence.  Contrary to our 
expectations, we found that the majority of sperm proteins are species specific.  
These differences may form the underlying molecular bases for species specific 
differences in sperm shape and processes such as capacitation and the acrosome 
reaction.  Further, these differences may ultimately lead to reproductive isolation 
which is a major mechanism of new species creation.  Such dramatic species specific 
differences provides indication that sperm act as an evolutionary testing ground for 
the generation of new proteins with sperm specific functionality, and the adaption of 
proteins which play well defined roles in other cell types to co-opt sperm specific 
functions.  Finally, we identified a small coreSP which represents a diverse set of 
functional categories central to sperm biology.  This coreSP may represent the 
foundational basis for an ancestral SP which is central to the currently unknown 
evolutionary origin of sperm.  Continued improvements in genome and orthology 
relationship annotations, coupled with an increasing wealth of sperm proteome data 
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will undoubtedly lead to additional insight on the composition, function, and 
evolutionary history of sperm.   
Future Directions 
This study identified a number of core and lineage specific sperm proteins 
upon which further studies can be conducted to look for signatures of positive 
selection.  It is generally expected that proteins that comprise the coreSP will be 
under purifying selection and conserved across mammalian species, since these 
proteins likely play conserved roles in sperm from a variety of mammalian species.  
Proteins specific to a particular lineage may exhibit positive selection as compared to 
orthologous proteins in other mammalian lineages, where those particular proteins 
are not found to be sperm components.  Overall, an evolutionary analysis would 
provide an idea of the evolutionary trajectory of sperm proteins across the four 
mammalian species. 
Additional studies on the rat and human SP would also improve the 
robustness of a comparative analysis.  An updated analysis of the ratSP would yield 
additional high quality sperm protein identifications which would likely result in the 
identification of additional proteins in both the coreSP and rodent lineage specific 
proteins. Further, studies of the humanSP where sperm samples are obtained from 
the cauda epididymis and not from ejaculates would likely also result in an increase 
in the number of proteins identified in the coreSP and primate lineage specific 
proteins and potentially decrease the number of humanSP specific proteins.  Robust 
mammalian sperm proteome comparisons would provide a solid foundation from 
which more broad comparative studies can be conducted, incorporating sperm 





Applying Sperm Proteome Data to Develop a Recombinant Attenuated Salmonella 
Contraceptive Vaccine for Use in Rodents 
Publication Note 
Parts of this chapter will be included in future publication.  Skerget S, Kilbourne J, 
Alamuri P, Curtiss R 3rd.  Karr TL.  Applying Sperm Proteome Data to Develop a 
Recombinant Attenuated Salmonella Contraceptive Vaccine for Use in Rodents. 
Statement on Use of Animals 
Use of animals in this study was approved by the Institutional Animal Care and Use 
Committee (IACUC) at Arizona State University.  The approval document can be 
found in supplemental figure 5.1.  
Introduction 
Rodent pests have an enormous impact on human populations worldwide.  
Rodents cause losses to crop and livestock production in developed and developing 
countries and spread infectious diseases, making them both an agricultural and 
public health concern [132].  In Asian countries, for example, it is estimated that 
rodent pests result in chronic rice production losses of 5-10% per year – or, to put it 
into perspective, enough to feed approximately 200 million people [132].  In 
Bangladesh a phenomena called a “rat flood”, which occurs when the bamboo forests 
produce a feast of fruit that allows rat populations to explode, can result in losses of 
50-100% of the rice crop causing severe famine [133].  Finally, in the United States 
rodent pests cost >$1B annually when accounting for crop losses and the cost of 
pest control (USDA.gov).   
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Rodents are successful pests because of their ability to reproduce quickly 
under favorable ecological conditions.  Current methods for rodent control mainly 
focus on the use of pesticides which are costly and often poorly timed or inadequate 
to control explosions in rodent populations [132].  As such, innovations which inhibit 
or lower the reproductive potential of rodents would be highly effective in controlling 
population size and decreasing the need for pest control.  In this study, we 
investigate several sperm proteins as contraceptive vaccine candidates intended to 
ultimately control rodent populations in the field. 
After it was observed that both men and women can harbor circulating anti-
sperm antibodies that contribute to infertility, a number of studies have investigated 
vaccine candidates for non-surgical sterilization with limited success.  In general, 
there are three broad categories for such targets including those that (i) target 
gamete production, such as gonadotropin-releasing hormone (GnRH), follicle 
stimulating hormone (FSH) and luteinizing hormone (LH) (ii) disrupt gamete fusion, 
including sperm antigens and oocyte zona pelludica (ZP) proteins and (iii) alter 
gamete outcome, including human chorionic gonadotropin (hCG) [134].  While some 
hormone based contraceptives are currently being developed for human use, limited 
success has been realized when investigating sperm antigens as contraceptive 
targets.  In addition, no single target has been effective at reducing fertility or 
causing infertility in all cases, suggesting that research focus should shift to develop 
vaccines that target multiple antigens [135]. 
One sperm specific antigen which has been widely studied as a contraceptive 
target is IZUMO1, a protein involved in sperm-egg binding and fusion [136].  Mice 
lacking IZUMO1 are generally healthy and produce morphologically normal sperm 
which are able to bind and penetrate the ZP, however sperm from these males are 
unable to successfully fertilize the egg and are infertile [136].  One study identified 
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that females immunized with peptides corresponding to the immunoglobulin-like (Ig-
like) domain of IZUMO1 exhibited reduced litter size when mated to normal males 
[137].  Another study found that mice immunized with various peptide vaccines 
(IZUMO1 + 3 other vaccine candidates) resulted in a 73% reduction in fertility, which 
was greater than what was observed for animals immunized with IZUMO1 peptides 
alone [138].  While IZUMO1 appears to be a promising contraceptive vaccine target, 
it is clear that a vaccine employing IZUMO1 will have to also target a number of 
other antigens to achieve near 100% efficacy.   
In this study, we use what is known about the mouse sperm proteome to 
identify and investigate novel targets for contraceptive vaccine development using a 
novel approach which involves oral immunization using the recombinant attenuated 
Salmonella vaccine (RASV) system.  RASVs employ attenuated avirulent Salmonella 
enterica serovar Typhimurium which, upon oral immunization, colonize gut-
associated lymphoid tissue (GALT) and internal organs and deliver the antigen of 
interest inducing long-term protective immunity [139].  A number of previous 
studies have shown that antigen delivery by RASVs is effective at generating both 
circulating IgG and mucosal IgA [140].  The ability for RASVs to raise a mucosal 
immune response is particularly important for delivery of sperm antigens in both 
males and females.  The immune system in male reproductive tissues is thought to 
be an immune privileged site due to the blood-testis and blood-epididymal barrier 
(reviewed in [141]), however the role that the immune system plays in these tissues 
remain poorly understood.  In females, a mucosal immune response must be raised 
in the reproductive tract for a contraceptive vaccine to be effective.  Overall, RASVs 
are more likely to raise the appropriate mucosal immune response than other 
immunization methods, which makes it a useful system for delivering sperm antigens 
[142].   
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A number of years ago, the RASV system was investigated for use in 
developing contraceptive vaccines.  Oral immunization of female mice using human 
SP10 (ACRV1), an acrosomal sperm protein, was found to generate high-titer anti-
SP10 IgG antibodies in serum and IgA antibodies in vaginal secretions [142].  
Although mice contain an ortholog of SP10, no mating assays were performed in this 
study to determine if immunization with SP10 is effective at reducing fertility, 
measured by reduced litter size.  Another study using RASVs to immunize female 
mice with ovarian ZP3 generated significant levels of anti-ZP3 IgG antibodies in 
serum and IgA antibodies in vaginal secretions [143].  In addition, when mated to 
normal males, immunized females had significantly fewer pups per litter than those 
in the control group, and 50% of immunized females were found to be infertile 
[143].  Although these studies demonstrated that RASVs could raise a strong IgG 
and mucosal IgA immune response, the first study did not include a mating 
component to assay reduction in fertility and neither study attempted to immunize 
male as well as female mice to determine the impact of immunization on sperm 
function. 
In the time since the previous studies were conducted using RASVs to deliver 
contraceptive targets, several improvements have been made to the RASV vectors 
which make them more suitable for antigen delivery.  The most significant 
improvement involves a regulated delayed lysis system [144].  In this system, 
antigen production is suppressed until after colonization of host tissues, conferring a 
growth advantage to the Salmonella if the antigen of interest is toxic.  Further, this 
system ultimately results in Salmonella cell lysis after colonization of host tissues, 
which enhances the resulting immune response and eliminates the risk of 
environmental contamination and persistence.    In addition, these Salmonella 
strains have been found to persist, but not replicate in, commercial peanut butter 
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which is enticing bait for rodents and provides an efficient oral delivery method for 
RASV contraceptive vaccines in the field (Curtiss lab, unpublished data). 
In this study, we use our knowledge of the mouse sperm proteome to identify 
new contraceptive vaccine candidates.  RASVs are then developed to deliver these 
sperm antigens to male mice where serum is used to assay the resulting immune 
response.  Further, we monitor the impact of immunization with these sperm 
antigens on male reproductive system and sperm morphology, and conduct mating 
assays to study the contraceptive effect.  This study represents the first step in 
developing an oral, RASV based contraceptive vaccine that can be used in the field 
as a cost effective tool to control rodent populations.     
Experimental Procedures 
(I) Salmonella Vaccine Vector Construction 
Selection of Candidate Sperm Proteins (CSPs)  
Candidate Sperm Proteins (CSPs) were identified by filtering the 1001 
proteins of the mouse sperm proteome based on a variety of parameters (Figure 5.1) 
[7].  Initially, we selected known membrane proteins, rapidly evolving proteins, and 
epididymis specific proteins [7,8], resulting in a pool of 66 proteins.  We then further 
screened the results based on breadth of expression, using data from the Mouse 
Genome Informatics Database (http://www.informatics.jax.org/), and identified 49 
proteins which were expressed in the testis and epididymis only, or the testis, 
epididymis & brain.  We analyzed these 49 protein sequences for antigenicity, 
hydrophobicity, transmembrane domains, and surface probability using the Mac 
Vector software program, and for the presence of signal sequences using the SignalP 
3.0 Server (http://www.cbs.dtu.dk/services/SignalP/).  Finally, a BLAST search was 
conducted to confirm the dissimilarity of selected proteins to other proteins, reducing 
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the likelihood of antibody cross-reactivity upon immunization.  This resulted in the 
identification of 14 promising vaccine candidates (Table 5.1).  Of these, 3 were 
chosen for preliminary study, including IZUMO1, LRRC18 and ROPN1 due to their 
availability through the DNASU Plasmid Repository (http://dnasu.org/DNASU/). 
 
 
Figure 5.1. Process flow depicting how 14 CSPs were chosen from an initial pool of 




Table 5.1. Candidate Sperm Proteins (CSPs) and their known function in sperm.  
Symbol Gene name Putative function 
ACRV1 Acrosomal vesicle protein 1 ZP binding 
ACTL7A Actin-like 7a Structural 
AKAP4 A kinase (PRKA) anchor protein 4 Sperm motility 
CAPZA3 Actin capping protein Structural/motility 
CATSPER4 Cation channel, sperm associated 4 Hyperactivation  
FABP9 Fatty-acid binding Membrane organization 
HSPB9 Heat shock protein B9 Unknown 
HYAL5 Hya-glucosaminidase 5 ZP penetration 
IZUMO1 Izumo sperm-egg 1 Sperm-egg fusion 
KLHL10 Kelch-like 10 Sperm maturation 
LRRC18 Leucine rich repeat  Sperm maturation 
PGK2 Phosphogly- kinase 2 Energy/sperm motility 
ROPN1 Ropporin/rhophilin assoc. protein 1 Sperm motility 





Escherichia coli strains carrying plasmids containing the full length mouse 
clones for IZUMO1 (MmCD00083507), LRRC18 (MmCD00084058) and ROPN1 
(MmCD00313281) were obtained from the DNASU plasmid repository 
(http://dnasu.org/DNASU/).  These stocks were grown overnight in LB containing 
100ug/mL spectinomycin or 50ug/mL kanamycin as recommended by DNASU, 
harvested, and plasmid DNA was purified as using the QIAprep Spin Miniprep Kit 
(Qiagen).  Genes were PCR amplified from the gateway vectors with primers 
designed to incorporate a NcoI restriction site and the bla signal sequence (SS) from 
vector pYA3493 (Curtiss lab, not shown) upstream of the gene, as well as a 6-
Histidine tag (6HIS) and NotI restriction site downstream of the gene (Figure 5.2).  
Resulting fragments were run on a 0.8% agarose gel and corresponding bands were 




Figure 5.2. Overlapping PCR strategy to generate the insert for the Salmonella 
vaccine vectors (A) Strategy for PCR of blaSS from pYA3493 vector includes adding a 
NcoI restriction site and a short 20nt overlap of the gene of interest (B) Strategy for 
PCR of genes of interest from gateway vectors includes adding a short 20nt overlap 
of the blaSS upstream of the gene and a 6HIS, stop codon (not shown) and NotI 
restriction site downstream of the gene (C) Resulting insert carrying the gene of 








E. coli containing the Salmonella lysis vector pYA5196 (Curtiss lab, Figure 
5.3) was grown overnight in LB containing 0.2% arabinose and plasmid DNA was 
purified as described above.  The pYA5196 vector and the three constructs 
containing the genes coding for the CSPs were digested with NcoI and NotI at 37˚C 
for 30mins.  The cut pYA5196 vector was run on a 0.8% agarose gel and the band 
corresponding to backbone was excised and purified as described above.  Constructs 
containing our CSPs were cleaned up using the E.Z.N.A. gel extraction kit.   
Transformation into E.coli and Salmonella 
CSP constructs (20ng) and pYA5196 vector (50ng) were ligated and 
transformed, along with empty pYA5196 vector (control), into E.coli χ6212 by heat 
shock.  Note that although pYA5196 contains the ampR gene (Figure 5.3), this gene 
is not functional and not expressed.  Cells were plated on LB with 0.02% arabinose 
which acts as a selective media because E.coli χ6212 cells containing the pYA5196 
vector need media supplemented with arabinose, meanwhile in the absence of the 
pYA5196 vector E.coli χ6212 must be grown in the presence of diaminopimelic acid 
(DAP).  Colony PCR was used to select positive transformants and colonies found to 
harbor the pYA5196 plasmid and gene of interest were sequence confirmed and 
stored as glycerol stocks.   
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Figure 5.3.  Salmonella lysis vector pYA5196.  The insert containing our CSP of 
interest was cloned between the NcoI and NotI sites.    
 
Positive transformants were subsequently grown overnight, harvested, and 
plasmid DNA was purified using the QIAprep Spin Miniprep Kit (Qiagen).  
Approximately 200ng of plasmid DNA was added to Salmonella χ11021 competent 
cells and transformed using electroporation.  Cells were resuspended in LB 
containing 0.02% arabinose and allowed to recover at 37˚C for 1 hour.  Cells were 
plated on LB only (control) and LB containing 0.2% arabinose and grown at 37˚C 
overnight.  Colony PCR was performed on cells growing on the LB + 0.2% arabinose 





CSP Expression in Salmonella Vaccine Vectors 
Overnight cultures of Salmonella vaccine vectors (Control, IZUMO1, LRRC18, 
ROPN1) were grown and used to inoculate 5mL LB + 0.02% arabinose.  Cultures 
were grown at 37˚C with aeration until the optical density (OD) reached 0.5.  1mL of 
culture was retained (uninduced sample) and the remainder of the culture was 
induced using 1mM isopropyl β-D-1-thiogalactopyranoside (IPTG).  Culture was 
incubated with aeration for 3 hours at 37˚C and OD was measured again at the end 
of the incubation.  1mL of culture (induced sample) was collected for analysis.  Cells 
from both the induced and uninduced samples were harvested by centrifugation and 
the pellet was resuspended in NuPAGE LDS Sample Buffer (Invitrogen) with reducing 
agent as per manufacturer’s instructions and heated to 70˚C for 10mins.  
Western Blot to Assay CSP Expression 
To test uninduced and induced samples for expression of the HIS-tagged 
CSPs, NuPAGE Novex 4-12% Bis-Tris gels (Life Technologies) were set up and run as 
per manufacturer’s protocol for reduced samples.  10µl of the Protein Plus Ladder 
(BioRad) was loaded as well as 25µl of each induced and uninduced sample.  Blots 
were transferred onto 0.2µm nitrocellulose membranes using the iBlot Western 
Blotting System (Life Technologies).  Blots were blocked with PBS-Tween 20 (0.05%) 
+ 3% milk for one hour and all washes were performed with PBST (PBS + 0.05% 
Tween 20).  Blots were probed with an anti-His IgG (MA1-21315, Thermo Scientific) 
primary antibody at a 1:1000 dilution and an alkaline phosphatase (AP) conjugated 
goat anti-mouse IgG (Fc) secondary antibody (31325, Thermo Scientific) at a 1:5000 
dilution.  Detection was performed using NBT/BCIP (nitro-blue tetrazolium chloride / 
5-bromo-4-chloro-3’indoyphosphate p-toluidine salt) and photographed.  
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Mass Spectrometry Analysis of Protein Degradation Products 
Two NuPAGE Novex 4-12% Bis-Tris gels (Life Technologies) were set up as 
per manufacturer’s instructions for reduced samples.  In each gel, 5µl of Protein Plus 
ladder and 20µl of induced pSS1210, 1220 and 1230 were loaded leaving a lane in 
between each load and gel was run as per manufacturer’s instructions.  One gel was 
western blotted as described above, while the other was stained using SimplyBlue™ 
SafeStain (Invitrogen) and de-stained as per manufacturer’s instructions.  After 
detection, the western blot was positioned under the de-stained gel and used as a 
guide to excise out bands corresponding to the HIS-tagged CSPs resulting in 4 
IZUMO1, 2 LRRC18 and 2 ROPN1 gel slices.  In gel digestion and mass spectrometry 
analysis was performed as discussed in Chapters 1-3 and the mouse NCBI FASTA file 
was used for protein identifications.       
(II) Immunization Experiment 
A preliminary immunization experiment was designed to determine (i) that 
the Salmonella vaccine vectors would colonize host tissues (ii) that the Salmonella 
vaccine vectors could successfully raise an immune response to the CSPs (iii) 
whether or not there was an associated sperm phenotype and (iv) whether 
immunized animals sired fewer or smaller litters than control animals.   
Overview of Immunization Experiment 
30 BALB/c male mice were ordered and the number of mice per experimental 
group can be found in Table 5.2.  After arrival at the facility, mice were allowed to 
acclimatize for 7 days before commencement of the experiment.  At Day 0, mice 
were approximately 4 weeks old.  An outline of the experimental timeline can be 
found in Table 5.3. 
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Table 5.2.  Number of mice per experimental group in immunization experiment 1.   
* indicates additional mice, bred in house which were included in the experiment to 
allow for necropsy 1. 
Strain CSP Dose Male Mice1 Female Mice 
pSS1208 Control 109 CFU 6 + 2* 0 
pSS1210 Izumo1 109 CFU 8 0 
pSS1220 Lrrc18 109 CFU 8 + 2* 0 
pSS1230 Ropn1 109 CFU 8 + 2* 0 
1 # of mice per group at T0 
 
Table 5.3. Overview of immunization experiment 1 
Day(s) Description 
0 Immunization 1 
5 Necropy 1 (2 mice in C, L & R groups, Spleen & Peyer’s patches) 
7 Immunization 2 
10 Necropsy 2 (3 mice / experimental group, Spleen & Peyer’s patches) 
14 Bleed 1 
28 Bleed 2 
35 Immunization 3 (Boost) 
49 Bleed 3 
50-65 Mating Assay 
65 Necropsy 3 (Testis & Epididymis of remaining mice) 
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Preparing Oral Innoculum 
For each strain (pSS1208, control; 1210, IZUMO1; 1220, LRRC18; & 1230, 
ROPN1), 5mL of LB + 0.2% arabinose was inoculated from a glycerol stock and 
incubated overnight under static conditions at 37˚C.  The 5mL of overnight culture 
was added to 100mL of LB + 0.2% arabinose and incubated with aeration at 37˚C 
until the OD600 = 0.8 – 0.9.  The culture was centrifuged at 4000rpm for 15 mins at 
room temperature to pellet the bacteria.  The supernatant was removed and each 
culture was resuspended in 1mL of BSG.  Mice were immunized with 20µl of the 
inoculum which corresponds to approximately 109 CFU.  Serial dilution of the 
inoculum was performed and 100mL of the 10-7 – 10-9 dilutions were plated on LB 
and LB + 0.2% arabinose and incubated overnight at 37˚C to determine the titer of 
the inoculum.   
Necropsy of Spleen and Peyer’s Patches 
Mice were asphyxiated using CO2 and spleen and Peyer's patches were 
removed by sterile dissection.  Spleen tissue was placed into pre-weighed sterile 
stomacher bags containing 1mL of sterile PBS, weighed, and stored on ice until 
processed.  Spleen tissue was homogenized using a stomacher and the homogenate 
was transferred into a 1.5mL microcentrifuge tube.  Peyer’s patches were placed into 
pre-weighed microcentrifuge tubes containing 400µl of sterile PBS, weighed, and 
homogenized using a hand homogenizer.  After homogenization, approximately 
600µl of PBS was added to Peyer’s patch tissue to bring the volume up to 1mL.  
100µl of 100, 10-1, and 10-2 dilutions were plated on LB and LB + 0.2% arabinose.  
Plates were incubated overnight at 37˚C and then counted to determine the number 
of CFU per gram of tissue.  Colony PCR was performed, as described above, to 
estimate the percentage of observed colonies which are the vaccine strain carrying 
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our plasmid of interest, versus contaminants.  Based on our estimates, the CFU per 
gram tissue was adjusted accordingly.   
Serum Collection 
Blood collection was performed by mandibular bleeding and blood samples 
were collected in sterile 0.6mL microcentrifuge tubes.  Blood was allowed to clot at 
room temperature for 1-2 hours and sample was then centrifuged at 8000xg for 10 
minutes to separate the serum.  The serum was drawn off and placed into clean 
0.6mL microcentrifuge tubes and stored at -80˚C until needed.   
Western Blot of Serum Samples 
To determine whether an immune response was raised to the CSPs, NuPAGE 
4-12% Bis-Tris gels were prepared as described above.  One lane of the NuPage gel 
was loaded with 5µl of Precision Plus Protein Standard (BioRad) ladder while other 
lanes were loaded with 20µl of SDS solubilized Salmonella χ11021 cell lysate induced 
to express the protein of interest (described above).  Prior to transfer, lane positions 
on the nitrocellulose membrane were numbered using a pencil.  Transfer from the 
gel to the nitrocellulose membrane was conducted as described above using the iBlot 
system (Life Sciences Inc.).   After transfer, the nitrocellulose membrane was cut 
into strips using a scalpel corresponding to each sample lane.  Using forceps, the 
nitrocellulose strips were transferred into block and incubated for 1 hour at room 
temperature or overnight at 4˚C.  Block solution was discarded and the strips were 
quickly rinsed with PBST.  Mouse serum samples were diluted 1:100 in a 10mL falcon 
tube (primary) and one nitrocellulose strip corresponding to a lane loaded with cell 
lysate was added to each tube and incubated in the dark at RT for 1-2 hours.  
Nitrocellulose strips were removed from the primary using forceps and washed in 
PBST 3x for 10 minutes.  Diluted primary was stored at -80˚C for further use.  After 
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washing, nitrocellulose strips were incubated with an AP conjugated goat anti-mouse 
IgG (Fc) secondary (31325, Thermo Scientific) at a 1:5000 dilution for 1 hour and 
subsequently washed in PBST 3x for 10 minutes.  Detection was performed using 
NBT/BCIP (nitro-blue tetrazolium chloride / 5-bromo-4-chloro-3’indoyphosphate p-
toluidine salt) and photographed. 
Mating Assays 
Each immunized male was mated in a separate enclosure with 1-2 
unimmunized females for 2 weeks.  Females were checked frequently for the 
presence of a copulatory plug and when it was observed that she had mated or was 
pregnant she was moved into a private enclosure.  After birth, the number of 
offspring were counted and recorded and litter sizes of experimental groups were 
compared to the control group.  
Sperm Phenotype Assays 
Mice were asphyxiated using CO2 and two male mice per group were dissected 
and their testis, epididymis and vas deferens removed and placed into 10mL falcon 
tubes containing 1mL PBS.  The epididymides were defatted and separated from the 
testis and surveyed for their morphology and relative size.  The cauda epididymis 
was ruptured and the tissue was placed into a 1.5mL microcentrifuge tube containing 
100µl PBS to obtain sperm.  10µl of sperm and 5µl of DAPI (4’,6-diamidino-2-
phenylindole) ProLong Gold (Life Technologies) were mounted on a microscope slide 
and visualized using a fluorescent microscope to look for gross sperm abnormalities 






In order to assemble the CSP gene constructs, several fragments were PCR 
amplified and run on an agarose gel where they were found to run according to their 
expected length including: genes coding for the CSPs (ROPN1 = 695bp, IZUMO1 = 
1247bp, LRRC18 = 818bp, Figure 5.4A), the blaSS (130bp, Figure 5.4B), and the 
insert to be cloned into Salmonella vector χ5196 (generated from the fragments in 
Figure 5.4A & B) (IZUMO1 = 1357, LRRC18 = 992, ROPN1 = 805, Figure 5.4C).  
Transformation into E. coli and Salmonella 
Resulting fragments from Figure 5.4C were restriction digested and ligated 
into Salmonella vector χ5196. This vector was first transformed into E. coli χ6212 
and 9 transformants for each gene were screened using colony PCR.  One colony was 
found to be positive for the IZUMO1 insert while two colonies were found to be 
positive for both the LRRC18 and ROPN1 inserts (Figure 5.5A).  These five colonies 
were sequence confirmed and retained as glycerol stocks and used to replicate the 
vector for transformation into the Salmonella vaccine strains. 
Sequence confirmed pYA5196 vector carrying our genes of interest were 
subsequently transformed into Salmonella vaccine strain χ11021.  The 
transformation mixture was plated on LB (no growth visible) and LB + arabinose, 
from which 5 transformants for each gene were screened using colony PCR.  All 
colonies screened were found to be positive for the gene of interest (Figure 5.5B) 





Figure 5.4. Agarose gel electrophoresis showing various steps of vector construction 
including (A) PCR of CSP gene sequences (B) PCR of the blaSS (signal sequence) 





                
Figure 5.5.  (A) Colony PCR of E. coli χ6212 transformants.  L denotes the ladder 
while numbers denote the colony number, in total 9 colonies were picked for each 
CSP of interest.  Positive colonies were sequence confirmed. (B) Colony PCR of 
Salmonella χ11021 transformants.  L denotes the ladder while numbers denote the 
colony number, in total 5 colonies were picked for each CSP of interest.   
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Western Blot to Assay CSP Expression 
A number of western blots were run to assay CSP expression, an example of 
which is shown in Figure 5.6.  For each vaccine strain, the pre-induction supernatant 
and pellet, and post-induction supernatant and pellet were run to determine whether 
the protein was (i) secreted and (ii) expressed constitutively, or only after induction 
with IPTG.  From Figure 5.6, it can be observed that the HIS-tagged protein product 
is absent from both the pre- and post- induction supernatants (Figure 5.6, lanes 7, 
5, 7, 9, 11, 13) suggesting that the CSPs are retained intercellularly and not secreted 
despite including the blaSS.  In addition, HIS-tagged protein production was 
observed in both pre- and post- induction pellets (Figure 5.6, lanes 2, 4, 6, 8, 10, 
12) indicating that CSP expression is constitutive, however a greater amount of 







Figure 5.6.  Western blot to assay CSP expression in Salmonella vaccine vectors.  
CSPs are found to be expressed in the pre- and post-induction pellets but are not 
identified in the supernatant and thus are not secreted.  Lane contents are as follows 
(1) Ladder (2) IZUMO1 pre-induction pellet (3) IZUMO1 pre-induction supernatent 
(4) IZUMO1 post-induction pellet (5) IZUMO1 post-induction supernatant (6) LRRC18 
pre-induction pellet (7) LRRC18 pre-induction supernatant (8) LRRC18 post-induction 
pellet (9) LRRC18 post-induction supernatant (10) ROPN1 pre-induction pellet (11) 
ROPN1 pre-induction supernatant (12) ROPN1 post-induction pellet (13) ROPN1 
post-induction supernatant (14) His-tagged positive control 
 
Mass Spectrometry Analysis of Protein Degradation Products 
When assaying CSP expression, a number of HIS-tagged fragments at 
different molecular weights were observed (Figure 5.7A).  The expressed proteins 
are HIS-Tagged on the C terminus, suggesting that the proteins were being fully 
translated but subsequently degraded.  In order to determine the length of the 
protein degradation products, two identical SDS-PAGE gels were run.  A western blot 
was performed using one of the gels (Figure 5.7A) to use as a template for band 
excision from the stained SDS-PAGE gel (Figure 5.7B) from which peptides would be 
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extracted for MS analysis.  In total, peptides from 4 IZUMO1, 2 LRRC18 and 2 
ROPN1 gel slices were analyzed by MS as marked in Figure 5.7A. 
Results from the MS analysis are shown in Figure 5.8.  For IZUMO1 (Figure 
5.8A-D) the bands at the highest molecular weight (I1, Figure 5.7A) correspond to 
the full length, or nearly full length protein (no peptide coverage for the first 34 
amino acids) while the band with the lowest molecular weight (I4, Figure 5.7A) 
corresponds to approximately half of the IZUMO1 protein.  This analysis was 
particularly informative for the IZUMO1 protein because the protein fragment 
between the highlighted regions in figure 5.8D is predicted to have a molecular 
weight of ~25kDa (http://www.bioinformatics.org/sms/prot_mw.html) however this 
fragment was observed between 15-17kDa by western blot analysis (Figure 5.7A).  
For LRRC18, the band at the highest molecular weight (L1 Figure 5.7A) corresponds 
to the full length or nearly fully length protein, while the band at the lower molecular 
weight (L2, Figure 5.7A) corresponds to a protein of approximately 75% of the 
length of the full length protein.  For ROPN1, MS analysis for the band at the highest 
molecular weight (R1, Figure 5.7A) provided nearly full coverage for the protein, 
suggesting that this band is the full length protein product.  A number of peptides 
were identified from the band with the lower molecular weight (R2, Figure 5.7A) 
which correspond to approximately 80% of the protein.  For each CSP, the 
Salmonella vaccine constructs produce a significant amount of full length and nearly 
full length protein.  Since we are unsure what epitopes will generate a strong and 
effective immune response, it was decided that despite generating degradation 
products that these vaccine vectors were suitable for immunization experiments. 
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Figure 5.7. (A) Western blot of Salmonella cell lysate expressing the CSPs probed 
with an anti-HIS primary and anti-IgG secondary.  Bands excised from the SDS-
























Figure 5.8. Protein coverage for IZUMO1 (A-D), LRRC18 (E-F) and ROPN1 (G-H) 
degradation products.  Data in A-D correspond to IZUMO1 bands I1-I4 (Figure 5.7A) 
respectively, while LRRC18 (E-F) correspond to L1-L2 and ROPN1 (G-H) correspond 
to R1-R2.  Highlighted regions indicate peptides that were empirically identified by 










Necropsy of Spleen and Peyer’s Patches 
For the first necropsy time point (5 days after immunization 1), the spleen 
and Peyer’s patches were removed from two mice in the control, LRRC18 and ROPN1 
groups while mice from the IZUMO1 group were omitted due to experimental 
numbers.  After homogenization, dilution, and plating colonies were observed and 
counted on all Peyer’s patches plates and spleen plates except for control mouse 1 
and LRRC18 mouse 1 and used to calculate the number of CFU/g tissue (Table 5.4).  
From the spleen plates, 11 colonies were picked from ROPN1 mouse 1 (10/11 
positive colonies) & 2 (11/11 positive colonies) and LRRC18 mouse 2 (10/11 positive 
colonies) while 3 colonies (3/3 positive colonies) were picked from the control to 
screen for the insert of interest (Figure 5.9A).   From the Peyer’s Patches plates, 9 
colonies were picked from each plate and 9/9 and 7/9 colonies were found to be 
positive for control mice 1 & 2 respectively, 3/9 and 7/9 for LRRC18 mice 1 & 2 
respectively and 8/9 and 5/9 for ROPN1 mice 1 & 2 respectively (Figure 5.9B).  The 
proportion of positive colonies observed is reported in table 5.4 and was used to 
correct the CFU/g tissue observed.  After adjustment, we observed between 214 and 
124988 CFU/g tissue in the spleen and 8389 and 331893 CFU/g tissue in the Peyer’s 
patches.  Based on previous studies using these vaccine strains, the observed CFU/g 
tissue is normal after first immunization indicating efficient colonization of immune 
tissues (personal communication, Curtiss lab).       
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Figure 5.9.  (A) Colony PCR results from colonies isolated from the spleen of 
immunized mice from necropsy 1.  Letter labels over the brackets correspond to the 
immunization group (C = Control, L = LRRC18, R = ROPN1) while the number (ie. 
R1) indicates the animal number, thus ROPN1 group, animal 1.  Lanes labeled “L” 
contain ladder while numbered lanes indicate colonies picked from plates. (B) Colony 
PCR results from colonies isolated from Peyer’s patches of immunized mice from 
necropsy 1.  Labels over the brackets correspond to the immunization group and the 
animal number (ie. LRRC18(1) corresponds to LRRC18, animal 1).  Lanes labeled “L” 
contain ladder while numbered lanes indicate colonies picked from plates. 
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Table 5.4. Summary of results from necropsy 1 of spleen and Peyer’s patches.  
Proportion of positive colonies was determined from the results of colony PCR (Figure 
5.9) and the corrected CFU/g tissue was calculated by correcting the number of 
CFU/g Tissue by the proportion of (+) colonies. 




  Spleen PPs Spleen PPs Spleen PPs 
Control 1 0 62 500 - 1 - 62 500 
 2 214 85 000 1 0.778 214 66 130 
Lrrc18 1 0 25 167 - 0.333 - 8 389 
 2 2 536 307 500 0.909 0.778 2305 239 167 
Ropn1 1 137 500 373 333 0.909 0.889 124 988 331 893 
 2 38 214 146 667 1 0.556 38 214 81 547 
 
For necropsy 2, the spleen and Peyer’s patches were removed from 3 mice in 
each experimental group, including the control, IZUMO1, LRRC18 and ROPN1 groups.  
As in necropsy 1, tissue was homogenized, diluted and plated and resulting colonies 
were counted to calculate the number of CFU present per gram tissue (Table 5.5).  
For necropsy 2, colony PCR was performed only on spleen tissue for mice in the 
IZUMO1, since this group was not included in necropsy 1.  As seen in Figure 5.10, all 
colonies screened for the IZUMO1 insert and the control were found to be positive by 
colony PCR.  It should be noted that colony PCR is not typically performed on 
colonies obtained from spleen and Peyer’s patch tissue, however in this study we 
performed colony PCR to ensure that the colonies we observed on the plates were in 
fact vaccine strains carrying the appropriate insert.  In this study, we confirmed that 
each of our vaccine strains were able to colonize the appropriate immune tissues.  
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For necropsy 2, we observed between 3015 and 46750 CFU/g tissue in the spleen 
and between 15000 – 800000 CFU/g tissue in the Peyer’s patches.  In general, the 
number of CFU/g tissue in the spleen and especially the Peyer’s patches were 
increased after the second immunization.   
 
 
Figure 5.10.  Colony PCR results from colonies isolated from the spleen of 
immunized mice from necropsy 2.  Labels over the brackets correspond to the 
immunization group and the animal number (ie. Izumo(1) corresponds to IZUMO1, 
animal 1).  Lanes labeled “L” contain ladder while numbered lanes indicate colonies 




Table 5.5. Summary of results from necropsy 2 of spleen and Peyer’s patches. 
GROUP NUMBER CFU/g Tissue 
  Spleen PPs 
Control 1 10 118 170 000 
 2 46 750 193 750 
 3 7 083 32 500 
Izumo1 1 14 577 350 000 
 2 18 077 360 000 
 3 41 667 21 667 
Lrrc18 1 8 038 37 500 
 2 1 227 46 000 
 3 22 705 500 000 
Ropn1 1 3 015 800 000  
 2 21 633 208 333 
 3 6 971 15 000 
 
Western Blot of Serum Samples 
Since we do not have purified IZUMO1, LRRC18 and ROPN1 protein, we 
blotted Salmonella cell lysate expressing the proteins of interest and probed it with 
serum from immunized mice.  A number of bands show up on these blots because 
mice are expected to generate a robust immune response to both the CSP of interest 
as well as Salmonella specific proteins.     
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For MB1, it can be observed that there is mouse to mouse variation in the 
control group (Figure 5.11, C1 – C3), for example a band can be seen under 20kD 
for mouse C2, however this band is absent from mouse C1 & C3.  This mouse to 
mouse variability significantly increases the difficulty in assaying immune response 
using this approach.  In the IZUMO1 group, two bands can be seen between 50 – 
75kDa (boxed) in mouse I2 and I4 that are not seen in other mice in the IZUMO1 
group.  In addition, a relatively strong band slightly larger than 37kDa can also be 
observed for mice I2 – I4 (boxed) and one band at approximately 17kDa (boxed) 
can be observed for mouse I3.  These bands are believed to correspond to the 
IZUMO1 protein fragments visualized on previous blots and suggest that after the 
first immunization 3/5 mice have some serum IgG specific to the IZUMO1 protein.  
For the LRRC18 group, boxes indicate where the expected band corresponding to the 
protein of interest would likely be.  The band between 25 and 37kDa is difficult to 
observe because it is obstructed by a highly abundant and immunogenic Salmonella 
protein at ~30kDa however there does appear to be a faint band above this highly 
abundant protein in lanes L1 – L5.  In Figure 5.7A, we also observed an LRRC18 
band just under 25kDa, however this band is not observed for any of the mice in the 
LRRC18 suggesting that there was not a particularly strong immune response raised 
toward LRRC18 or that the immunogenic regions are closer to the N terminal end of 
the protein.  For ROPN1, bands are observed for mice R1, R3 and R5 between 15 and 
20kDa (boxed) and for mice R3, R4 and R5 between 15 and 20kDa (see boxes) 
which is approximately where bands would be expected to be observed based on our 
previous blots.  This suggests that after one immunization 4/5 mice have some 
serum IgGs corresponding to ROPN1.     
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Figure 5.11.  Western blot results from immunization experiment 1 bleed 1.  For 
each blot, serum was diluted 1:100 in PBST.  Lanes marked “L” corresponds to the 
ladder while numbered lanes correspond to serum samples from different animals in 
each experimental group (ie. L1 corresponds to mouse 1 in the LRRC18 group).  
Expected band sizes are indicated by boxes on the IZUMO1, LRRC18 and ROPN1 





Males from each treatment group were paired with 1-2 naïve females.  The 
number of viable pups from each mating pair are shown in Table 5.6.  The number of 
pups from each treatment group were not found to be significantly different from the 
control group at p ≤ 0.05.  
 
Table 5.6.  Number of pups per litter observed in experiment 1.  An unpaired t-test 
was used to calculate the p-value of each treatment as compared to the control. 
Litter Control IZUMO1 LRRC18 ROPN1 
1 7 8 5 6 
2 5 7 7 2 
3 6 6 10 5 
4 10 6 6 10 
5 6 5 4 8 
6 0 5 8 6 
7 - 0 8 6 
8 - - 11 - 
Average # pups 5.7 5.3 7.3 6.2 
p-value compared to 
control 





Sperm Phenotype Assay 
Two males from each experimental group were examined for reproductive 
tissue and sperm abnormalities (Figure 5.12).  As compared to the control group, the 
testis and epididymides from mice from each of the experimental groups showed no 
abnormal morphology including tissue color and organ size.  DAPI stained sperm 
from each of the mice were examined using fluorescence microscopy (Figure 5.12).  
Qualitatively, it was observed that mice in the ROPN1 group had reduced sperm 
numbers as compared to the control group (Figure 5.12, top panels) and also mice 
from other experimental groups, suggesting that immunization with ROPN1 may 
result in oligospermia.  Sperm from mice immunized with IZUMO1 were 
morphologically normal however there was some evidence of sperm agglutination 
that was not observed in the other groups.  Although this observation may be an 
artifact of slide preparation, it may also represent a significant phenotype as sperm 
agglutination has been previously found to be related to male infertility [145].  
Finally, mice from the LRRC18 groups exhibited normal sperm number and some 
normal sperm, however many examples of sperm heads lacking tails, or sperm tails 
lacking heads were observed (Figure 5.12, bottom panels, see arrows).  This finding 
may be indicative of a significant defect in sperm morphology or related to 
degradation of sperm in the epididymis and could ultimately negatively impact 
fertility of these males. 
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Figure 5.12. Fluorescence microscopy analysis of sperm from each experimental 
group.  Sperm from males in the ROPN1 group (top right) show a reduction in sperm 
number as compared to the control (top right) and other experimental groups.  
Sperm from males in the IZUMO1 group are morphologically normal (middle, right) 
but some sperm agglutination was observed (middle left).  Sperm from males in the 
LRRC18 group exhibited some normal sperm, however many sperm heads lacking 
tails, and sperm tails lacking heads were observed (bottom panels, see arrows).  
Images taken at 20X magnification.   
 
Control 
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This study utilized the mouse sperm proteome to inform selection of CSPs to 
develop a contraceptive vaccine aimed at controlling rodent populations.  The 
mouseSP, which contains 1001 proteins, was filtered using a variety of selection 
criteria to identify 14 vaccine candidates [7].  These proteins were chosen based on 
breadth of expression, known sperm function, sequence parameters such as 
antigenicity, presence of a signal sequence, and presence of transmembrane 
domains, hydrophobicity, and surface probability.  Of the 14 CSPs identified, 3 
(IZUMO1, LRRC18 and ROPN1) were readily available through a local plasmid 
repository and were chosen for initial study. 
We used RASV’s to deliver the CSPs of interest.  RASVs employ attenuated 
avirulent Salmonella enterica serovar Thypimurium which, upon oral immunization, 
colonize gut-associated lymphoid tissue (GALT) and internal organs, and deliver the 
antigen of interest inducing long-term protective immunity [139].  A number of 
previous studies have shown that antigen delivery by RASVs is effective at 
generating both circulating IgGs and mucosal IgAs [140,142,146].  Although RASVs 
have previously been used to deliver viral and bacterial proteins, to our knowledge 
this is the first study that used the RASV system to deliver mammalian protein 
antigens.   
 In this study we successfully cloned the three mammalian genes of interest 
into Salmonella lysis vector pYA5196 and demonstrated that the protein of interest is 
constitutively expressed.  Using western blots to assay CSP expression, we observed 
multiple bands corresponding to each protein.  Since the proteins were HIS-tagged 
on the C-terminal end and we used an anti-HIS antibody to probe for expression of 
our CSPs, these fragments consist of proteins truncated on the N-terminus.  This 
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result indicated either (i) that the full length protein was being degraded from the N-
terminal end or (ii) translation was beginning at multiple sites along the transcripts, 
generating truncated proteins.  In future studies, this problem may be mitigated 
through codon optimization of the target CSPs before cloning into the Salmonella 
vectors, however this was not performed in this study.   
In order to ensure that the observed bands corresponded to the CSPs of 
interest and to determine the approximate length of each fragment, we conducted 
MS analysis.  For each CSP, it was found that a full length, or nearly full length 
protein was being produced.  Further, it was observed that even the smallest 
fragments correspond to 50-75% of the full length protein of interest.  Since it 
appeared that some full length protein was being produced for each CSP and it is 
unclear what portion of the protein or peptide would generate protective antibodies, 
protein truncation was not deemed a significant issue. 
 A preliminary immunization experiment was conducted to determine (i) that 
the Salmonella vaccine vectors would colonize host tissues (ii) that the Salmonella 
vaccine vectors could successfully raise an immune response to the CSPs (iii) 
whether or not there was an associated sperm phenotype and (iv) whether 
immunized animals sired fewer or smaller litters than control animals.  Necropsy of 
the spleen and Peyer’s patches was performed to determine whether the Salmonella 
vectors would successfully colonize host tissues.  After plating tissue homogenates, it 
was demonstrated using colony PCR that the majority of the resulting colonies were 
Salmonella carrying our gene of interest which demonstrates that the RASVs 
developed in this study successfully colonized both spleen and Peyer’s patch tissue.   
 We used western blots to assay serum IgG production in immunized males 
against our CSPs of interest.  Cell lysate from Salmonella expressing our CSP of 
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interest was blotted and serum was used as the primary antibody.  We observed 
significant animal to animal variability on control blots which made it extremely 
difficult to differentiate an immune response to our CSP of interest from an immune 
response to Salmonella proteins.  For the IZUMO1 group, it appeared that 3/5 mice 
have some serum IgG specific to the IZUMO1 protein.  Discerning bands indicating 
an immune response for LRRC18 was difficult because the band we would expect to 
observe is obstructed by a highly abundant and immunogenic Salmonella protein at 
~30kDa, however, there appeared to be an immune response in 5/5 of the mice 
assayed.  Finally, for the ROPN1 group, 4/5 mice appeared to have serum IgGs 
against the ROPN1 protein.  Overall, using this method it was extremely difficult to 
conclude whether or not an immune response had been raised to any of the CSPs of 
interest.  One way to mitigate this problem would be to purify the CSPs of interest 
which could then be used as the substrate in either western blots or ELISAs.   
We conduced mating assays where immunized males were mated with naïve 
females to determine if immunization with any of the CSPs of interest reduced litter 
size as compared to a control group.  In the immunization experiment, 2/3 of the 
experimental groups had an average litter size higher than the control group and a 
significant difference was not observed between the litter size of the control group as 
compared to any of the experimental groups.  In future experiments, we plan to 
immunize both male and female mice which may further decrease the number of 
offspring observed from individual mating pairs.  It is also possible that a 
combination of antigens would need to be used before a significant decline in litter 
size is observed between the experimental and control groups.   
Finally, sperm from males from each experimental group were observed to 
determine whether or not there was an associated sperm phenotype.  First, testis 
and epididymal morphology were observed from 2 mice in the control, IZUMO1, 
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LRRC18 and ROPN1 groups.  For each group, no abnormalities were observed with 
regards to testis or epididymal morphology including tissue color and organ size.  
However, when sperm from each of these mice were examined using fluorescence 
microscopy, the experimental groups showed some distinct sperm phenotypes as 
compared to the control group.  It was observed that mice in the ROPN1 group had 
fewer sperm as compared to the control group and mice from the other experimental 
groups, suggesting that immunization with ROPN1 may result in oligospermia.  
ROPN1 is located to the sperm flagellum and mice lacking ROPN1 were found to have 
normal flagellar structure, however, mice lacking both ROPN1 and ROPN1L exhibited 
defects in the principal piece [147].  Because ROPN1 and ROPN1L are 39% identical, 
it is possible that immunization with ROPN1 impacts both ROPN1 and also ROPN1L in 
sperm from immunized males [147].  Sperm from mice immunized with IZUMO1 
were morphologically normal, however there was some evidence of sperm 
agglutination that was not observed in the other groups.  Although this observation 
may be an artifact of slide preparation (although absent from all other prepared 
slides), it may also represent a significant phenotype, as sperm agglutination has 
been previously found to be related to male infertility [145].    IZUMO1 has been 
shown to be involved in sperm egg binding, however mice lacking this protein have 
been shown to produce normal looking sperm [136].    Finally, mice from the 
LRRC18 groups exhibited normal sperm number and some normal sperm, however 
many examples of sperm heads lacking tails, or sperm tails lacking heads were 
observed.  This finding may be indicative of a significant defect in sperm morphology 
or may be related to degradation of sperm in the epididymis and could ultimately 
negatively impact fertility of these males.  The function of LRRC18 in sperm has yet 
to be elucidated and no studies have previously looked at the impact on sperm 
phenotype or function of males lacking this protein.  The observation of sperm 
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phenotypes in each experimental group supports that the RASVs effectively deliver 
our CSPs of interest and induce a robust immune response in the absence of clear 
demonstration of serum IgGs to each protein of interest. 
Using the sperm proteome we were able to select a number of CSPs whose 
expression is limited to reproductive tissues and likely play important roles in sperm 
function.  Although it is unclear whether the RASVs we designed are able to generate 
a robust immune response, we were able to demonstrate that the RASVs carrying 
mammalian sperm proteins are able to colonize host tissues and we observed distinct 
sperm phenotypes in each experimental group.  From the immunization data we 
have collected to date, we did not see a significant reduction in litter size between 
experimental and control groups.  In the future, using RASVs to deliver multiple 
CSPs to one animal may be more effective at reducing litter size as compared to 
control groups.  Further work on this project will focus on (i) testing the remainder of 
the 14 CSPs identified in this study (ii) testing the RASVs in combination to assess 
the efficacy of a vaccine targeting multiple antigens and (iii) obtaining and 
developing reagents which will allow for a clear assay of serum IgG and vaginal IgA 
immune responses in immunized animals.      
This study illustrates that sperm proteome data can be applied to inform 
contraceptive vaccine design.  By comparing the sperm proteomes of a number of 
species, species specific sperm proteins can be identified which would allow 
development species specific contraceptive vaccines.  Such vaccines would be 
incredibly useful for widespread distribution in the environment to target one species 
or taxa, such as rodent pests, without causing unintended impacts of vaccination to 
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APPENDIX A  







Supplemental Figure 1.1. (A) Biological process network showing enriched 
functional categories for proteins found in both the macaque and mouse sperm 
proteomes. (B)  Biological process network showing enriched functional categories 




Supplemental Table 1.1.  Protein accession numbers of ADAM proteins used to 
construct the molecular phylogenetic tree in Figure 3. 
 
Protein Species NCBI Accession 




ADAM4 Mus musculus (ADAM4a) 





ADAM6 Mus musculus (ADAM6a) 




























ADAM18-like Macaca mulatta XP_002805363 
ADAM20-like Macaca mulatta XP_001111189 
ADAM21-like Macaca mulatta XP_001088316 
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Supplemental Table 1.2. Fold change analysis results for all genes found to be 
expressed in the macaque sperm proteome 
 








ENSMMUG00000011217 17.44179638 ENSMMUG00000006489 -0.010901711 
ENSMMUG00000008029 15.85193286 ENSMMUG00000018224 -0.013841248 
ENSMMUG00000023196 14.63062299 ENSMMUG00000000015 -0.015139452 
ENSMMUG00000010367 13.12602045 ENSMMUG00000020657 -0.015286884 
ENSMMUG00000006668 11.70495463 ENSMMUG00000022767 -0.02374535 
ENSMMUG00000015243 10.76567455 ENSMMUG00000029348 -0.028223421 
ENSMMUG00000017386 10.40618174 ENSMMUG00000012704 -0.034370277 
ENSMMUG00000003594 10.39252272 ENSMMUG00000015272 -0.035123022 
ENSMMUG00000014818 10.2789532 ENSMMUG00000007310 -0.036544145 
ENSMMUG00000014784 9.585412972 ENSMMUG00000004380 -0.037776343 
ENSMMUG00000019630 9.229758249 ENSMMUG00000002417 -0.038718416 
ENSMMUG00000006485 9.182829361 ENSMMUG00000013541 -0.042193109 
ENSMMUG00000007205 9.05553329 ENSMMUG00000007187 -0.048083569 
ENSMMUG00000013690 8.673874221 ENSMMUG00000009658 -0.052866931 
ENSMMUG00000003060 8.331237059 ENSMMUG00000018394 -0.054763743 
ENSMMUG00000018051 8.012615846 ENSMMUG00000015923 -0.057553318 
ENSMMUG00000016997 7.832302792 ENSMMUG00000008725 -0.058081837 
ENSMMUG00000012819 7.53083083 ENSMMUG00000002469 -0.068761936 
ENSMMUG00000021286 7.374852735 ENSMMUG00000015971 -0.077059734 
ENSMMUG00000005032 7.274843135 ENSMMUG00000016307 -0.077455252 
ENSMMUG00000002370 7.257100056 ENSMMUG00000020377 -0.088687613 
ENSMMUG00000021429 7.24534231 ENSMMUG00000017568 -0.089929561 
ENSMMUG00000007758 6.990059467 ENSMMUG00000000156 -0.094213685 
ENSMMUG00000016125 6.62954852 ENSMMUG00000021692 -0.100926827 
ENSMMUG00000021516 6.277298871 ENSMMUG00000020537 -0.104875339 
ENSMMUG00000000706 6.212084262 ENSMMUG00000018910 -0.106485609 
ENSMMUG00000011444 6.062065744 ENSMMUG00000003909 -0.114656747 
ENSMMUG00000011601 5.855061508 ENSMMUG00000005272 -0.119261822 
ENSMMUG00000014049 5.728802929 ENSMMUG00000017126 -0.130121065 
ENSMMUG00000020412 5.716486109 ENSMMUG00000018937 -0.131691924 
ENSMMUG00000008303 5.682125466 ENSMMUG00000018976 -0.133271684 
ENSMMUG00000028951 5.457736101 ENSMMUG00000011864 -0.133350828 
ENSMMUG00000031190 5.411830658 ENSMMUG00000018321 -0.134143531 
ENSMMUG00000016608 5.347057395 ENSMMUG00000007315 -0.135728314 
ENSMMUG00000019252 5.34201032 ENSMMUG00000021328 -0.136205112 
ENSMMUG00000016942 5.194850338 ENSMMUG00000014908 -0.137109238 
ENSMMUG00000007570 5.020352578 ENSMMUG00000013206 -0.139389996 
ENSMMUG00000003726 4.915819771 ENSMMUG00000022301 -0.14076724 
ENSMMUG00000006221 4.890694691 ENSMMUG00000005622 -0.143163094 
ENSMMUG00000002512 4.751222448 ENSMMUG00000018144 -0.143219043 
ENSMMUG00000003193 4.627732024 ENSMMUG00000012811 -0.146564566 
ENSMMUG00000023803 4.611007151 ENSMMUG00000020458 -0.15649117 
ENSMMUG00000001008 4.573280604 ENSMMUG00000023531 -0.161478798 
ENSMMUG00000015324 4.556122548 ENSMMUG00000016945 -0.167625352 
ENSMMUG00000023134 4.525919029 ENSMMUG00000017038 -0.168350636 
ENSMMUG00000008008 4.521476522 ENSMMUG00000000236 -0.171932206 
ENSMMUG00000000696 4.469532148 ENSMMUG00000005659 -0.172493856 
ENSMMUG00000021334 4.459156653 ENSMMUG00000019261 -0.177851253 
ENSMMUG00000013048 4.398174924 ENSMMUG00000019089 -0.182286079 
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ENSMMUG00000004958 4.312663352 ENSMMUG00000013531 -0.184078657 
ENSMMUG00000023060 4.304959125 ENSMMUG00000022764 -0.190900839 
ENSMMUG00000009327 4.182169371 ENSMMUG00000021976 -0.192690803 
ENSMMUG00000009734 4.149391087 ENSMMUG00000012448 -0.193601522 
ENSMMUG00000009200 4.118721792 ENSMMUG00000022221 -0.20761965 
ENSMMUG00000003176 4.041688382 ENSMMUG00000011810 -0.212537661 
ENSMMUG00000010198 3.977745627 ENSMMUG00000019034 -0.212574997 
ENSMMUG00000010420 3.974002687 ENSMMUG00000018943 -0.221632795 
ENSMMUG00000013668 3.960832749 ENSMMUG00000020661 -0.223281021 
ENSMMUG00000000455 3.879606324 ENSMMUG00000002458 -0.227067318 
ENSMMUG00000009600 3.860378694 ENSMMUG00000012876 -0.231446007 
ENSMMUG00000003121 3.845944237 ENSMMUG00000030395 -0.233757346 
ENSMMUG00000011955 3.837350696 ENSMMUG00000015659 -0.238482979 
ENSMMUG00000001952 3.812985825 ENSMMUG00000006377 -0.245203026 
ENSMMUG00000013329 3.774984552 ENSMMUG00000009765 -0.248868189 
ENSMMUG00000016123 3.764847389 ENSMMUG00000002942 -0.251800925 
ENSMMUG00000005577 3.735775922 ENSMMUG00000029007 -0.255615931 
ENSMMUG00000022027 3.649416148 ENSMMUG00000017983 -0.262577302 
ENSMMUG00000004239 3.610445024 ENSMMUG00000010907 -0.266184046 
ENSMMUG00000003040 3.607371826 ENSMMUG00000017065 -0.26949816 
ENSMMUG00000029101 3.579153266 ENSMMUG00000001774 -0.272132335 
ENSMMUG00000009396 3.571037005 ENSMMUG00000014083 -0.27645148 
ENSMMUG00000009659 3.520008233 ENSMMUG00000014950 -0.280859116 
ENSMMUG00000009009 3.479264324 ENSMMUG00000015418 -0.286918068 
ENSMMUG00000021116 3.472398611 ENSMMUG00000013070 -0.290170806 
ENSMMUG00000008104 3.470469925 ENSMMUG00000022703 -0.291659827 
ENSMMUG00000018740 3.447902408 ENSMMUG00000012043 -0.295435368 
ENSMMUG00000007393 3.352362106 ENSMMUG00000006062 -0.301064344 
ENSMMUG00000015210 3.302315465 ENSMMUG00000003399 -0.308695795 
ENSMMUG00000008241 3.284113205 ENSMMUG00000005869 -0.309432413 
ENSMMUG00000002045 3.273523184 ENSMMUG00000009001 -0.309736073 
ENSMMUG00000001060 3.197134933 ENSMMUG00000015493 -0.31382145 
ENSMMUG00000013716 3.188590525 ENSMMUG00000011769 -0.31875566 
ENSMMUG00000014615 3.162648492 ENSMMUG00000005961 -0.320231513 
ENSMMUG00000010474 3.156493628 ENSMMUG00000004571 -0.322214482 
ENSMMUG00000013205 3.119963191 ENSMMUG00000020926 -0.323527103 
ENSMMUG00000002708 3.111903859 ENSMMUG00000015634 -0.330848156 
ENSMMUG00000005740 3.104819322 ENSMMUG00000017033 -0.34497018 
ENSMMUG00000015002 3.096052397 ENSMMUG00000002772 -0.345817106 
ENSMMUG00000016969 3.055661363 ENSMMUG00000005294 -0.347077616 
ENSMMUG00000015948 3.020863638 ENSMMUG00000030925 -0.354379758 
ENSMMUG00000023488 2.996416751 ENSMMUG00000015339 -0.363752718 
ENSMMUG00000018977 2.996410598 ENSMMUG00000020899 -0.369465867 
ENSMMUG00000001034 2.988201877 ENSMMUG00000009207 -0.369861752 
ENSMMUG00000022154 2.985638623 ENSMMUG00000031842 -0.371705955 
ENSMMUG00000004140 2.971699792 ENSMMUG00000020777 -0.37376915 
ENSMMUG00000014277 2.943422846 ENSMMUG00000009625 -0.376198234 
ENSMMUG00000007922 2.913291798 ENSMMUG00000010999 -0.381757737 
ENSMMUG00000013627 2.895929465 ENSMMUG00000018285 -0.381994904 
ENSMMUG00000006362 2.783761027 ENSMMUG00000009049 -0.388797242 
ENSMMUG00000014021 2.70072302 ENSMMUG00000006557 -0.392113896 
ENSMMUG00000003589 2.6994399 ENSMMUG00000007335 -0.392292537 
ENSMMUG00000013753 2.672254659 ENSMMUG00000008963 -0.393225192 
ENSMMUG00000003665 2.63038156 ENSMMUG00000013755 -0.393907458 
ENSMMUG00000017627 2.609921259 ENSMMUG00000005066 -0.401489008 
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ENSMMUG00000013742 2.600563172 ENSMMUG00000008166 -0.402601423 
ENSMMUG00000006884 2.598264008 ENSMMUG00000016709 -0.405359913 
ENSMMUG00000013831 2.583862626 ENSMMUG00000019451 -0.405948623 
ENSMMUG00000007176 2.575426637 ENSMMUG00000002483 -0.409662975 
ENSMMUG00000002819 2.55062698 ENSMMUG00000020396 -0.410318213 
ENSMMUG00000004291 2.54102538 ENSMMUG00000009523 -0.413051008 
ENSMMUG00000021868 2.522465589 ENSMMUG00000018897 -0.413222999 
ENSMMUG00000031124 2.513680429 ENSMMUG00000022476 -0.416818048 
ENSMMUG00000019275 2.510036787 ENSMMUG00000023128 -0.423162002 
ENSMMUG00000020467 2.506844746 ENSMMUG00000019368 -0.433597418 
ENSMMUG00000000544 2.487408714 ENSMMUG00000010205 -0.44983774 
ENSMMUG00000012658 2.472678892 ENSMMUG00000010985 -0.454819428 
ENSMMUG00000019114 2.469812464 ENSMMUG00000009829 -0.45914364 
ENSMMUG00000009282 2.445403354 ENSMMUG00000020431 -0.461982825 
ENSMMUG00000031856 2.431622041 ENSMMUG00000011498 -0.462445452 
ENSMMUG00000013040 2.428330709 ENSMMUG00000019016 -0.462471974 
ENSMMUG00000001374 2.411203305 ENSMMUG00000015718 -0.463023675 
ENSMMUG00000006669 2.38863311 ENSMMUG00000022640 -0.46515074 
ENSMMUG00000012117 2.38162022 ENSMMUG00000015328 -0.469427296 
ENSMMUG00000022277 2.322584105 ENSMMUG00000007358 -0.470879985 
ENSMMUG00000031838 2.321903987 ENSMMUG00000000513 -0.473031773 
ENSMMUG00000020607 2.312252302 ENSMMUG00000002679 -0.477958159 
ENSMMUG00000012737 2.285874322 ENSMMUG00000030631 -0.478397982 
ENSMMUG00000004736 2.273115677 ENSMMUG00000009517 -0.484322654 
ENSMMUG00000011442 2.269672195 ENSMMUG00000011767 -0.48564444 
ENSMMUG00000014204 2.256390815 ENSMMUG00000012608 -0.487061652 
ENSMMUG00000015658 2.246067481 ENSMMUG00000010135 -0.487567787 
ENSMMUG00000019690 2.232540551 ENSMMUG00000015676 -0.492284611 
ENSMMUG00000002911 2.227897608 ENSMMUG00000011429 -0.492966505 
ENSMMUG00000001711 2.208885409 ENSMMUG00000014120 -0.501668936 
ENSMMUG00000006370 2.202768521 ENSMMUG00000023801 -0.51484187 
ENSMMUG00000013816 2.197791841 ENSMMUG00000009748 -0.515382508 
ENSMMUG00000022383 2.196837011 ENSMMUG00000002217 -0.524134877 
ENSMMUG00000013157 2.184651021 ENSMMUG00000006685 -0.525424177 
ENSMMUG00000000401 2.167839245 ENSMMUG00000007357 -0.527672681 
ENSMMUG00000019457 2.166197801 ENSMMUG00000005689 -0.530687384 
ENSMMUG00000018306 2.159081137 ENSMMUG00000018726 -0.532804385 
ENSMMUG00000009562 2.153732996 ENSMMUG00000018444 -0.535248274 
ENSMMUG00000006144 2.145412335 ENSMMUG00000022095 -0.543931296 
ENSMMUG00000016381 2.13567777 ENSMMUG00000004618 -0.554422791 
ENSMMUG00000018685 2.134104164 ENSMMUG00000012864 -0.558521599 
ENSMMUG00000015862 2.132571021 ENSMMUG00000007468 -0.562612722 
ENSMMUG00000010003 2.129177548 ENSMMUG00000011627 -0.563182281 
ENSMMUG00000004381 2.108373837 ENSMMUG00000021123 -0.56482013 
ENSMMUG00000010820 2.102472241 ENSMMUG00000003424 -0.566960449 
ENSMMUG00000001423 2.086243708 ENSMMUG00000020750 -0.56747583 
ENSMMUG00000014939 2.077741168 ENSMMUG00000004190 -0.568898997 
ENSMMUG00000018842 2.057140771 ENSMMUG00000013738 -0.579503104 
ENSMMUG00000022860 2.050600067 ENSMMUG00000013733 -0.581455982 
ENSMMUG00000016096 2.042299117 ENSMMUG00000029822 -0.586392809 
ENSMMUG00000020766 2.032004653 ENSMMUG00000016423 -0.586603118 
ENSMMUG00000021053 2.008964566 ENSMMUG00000019339 -0.590942098 
ENSMMUG00000010489 1.978721972 ENSMMUG00000016788 -0.593300631 
ENSMMUG00000010951 1.975789612 ENSMMUG00000023627 -0.595176454 
ENSMMUG00000002194 1.974638373 ENSMMUG00000020555 -0.608150138 
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ENSMMUG00000017507 1.970548098 ENSMMUG00000006296 -0.608275532 
ENSMMUG00000016363 1.967812599 ENSMMUG00000022967 -0.61463803 
ENSMMUG00000005595 1.956480646 ENSMMUG00000003137 -0.618375664 
ENSMMUG00000004942 1.954638547 ENSMMUG00000015400 -0.620873223 
ENSMMUG00000028686 1.952320827 ENSMMUG00000000116 -0.629767657 
ENSMMUG00000017830 1.930857912 ENSMMUG00000003874 -0.631428895 
ENSMMUG00000010006 1.928556433 ENSMMUG00000020382 -0.634749375 
ENSMMUG00000014314 1.922233618 ENSMMUG00000005719 -0.636197099 
ENSMMUG00000015347 1.907368169 ENSMMUG00000019914 -0.640708902 
ENSMMUG00000015371 1.900731125 ENSMMUG00000005034 -0.651598043 
ENSMMUG00000017428 1.900361905 ENSMMUG00000004861 -0.651894159 
ENSMMUG00000015892 1.883204072 ENSMMUG00000012431 -0.655369204 
ENSMMUG00000016293 1.878937547 ENSMMUG00000016983 -0.662728747 
ENSMMUG00000009425 1.835040172 ENSMMUG00000006584 -0.662774856 
ENSMMUG00000006816 1.815656782 ENSMMUG00000005769 -0.671961563 
ENSMMUG00000009182 1.797506898 ENSMMUG00000010845 -0.675334369 
ENSMMUG00000021075 1.797478915 ENSMMUG00000002685 -0.677504093 
ENSMMUG00000017929 1.791877193 ENSMMUG00000008506 -0.687728164 
ENSMMUG00000002032 1.784545363 ENSMMUG00000022466 -0.68797658 
ENSMMUG00000007783 1.780978222 ENSMMUG00000007762 -0.693880941 
ENSMMUG00000029832 1.776807972 ENSMMUG00000019234 -0.70147661 
ENSMMUG00000007927 1.764739701 ENSMMUG00000003023 -0.701981539 
ENSMMUG00000012934 1.760381309 ENSMMUG00000013916 -0.706007401 
ENSMMUG00000015245 1.758617451 ENSMMUG00000010382 -0.706758513 
ENSMMUG00000019959 1.728334647 ENSMMUG00000019754 -0.718578814 
ENSMMUG00000001194 1.711686725 ENSMMUG00000006740 -0.718851543 
ENSMMUG00000009205 1.697783966 ENSMMUG00000013251 -0.722509917 
ENSMMUG00000001682 1.696383691 ENSMMUG00000003539 -0.728829414 
ENSMMUG00000013766 1.690908875 ENSMMUG00000004429 -0.735030511 
ENSMMUG00000007107 1.681221202 ENSMMUG00000020648 -0.74213752 
ENSMMUG00000017039 1.676440418 ENSMMUG00000004710 -0.742345655 
ENSMMUG00000007212 1.675292503 ENSMMUG00000004842 -0.745302844 
ENSMMUG00000000758 1.674023194 ENSMMUG00000005987 -0.745761966 
ENSMMUG00000022208 1.662726967 ENSMMUG00000002642 -0.745944474 
ENSMMUG00000020154 1.655835509 ENSMMUG00000004829 -0.747357234 
ENSMMUG00000000200 1.601975883 ENSMMUG00000009400 -0.749700063 
ENSMMUG00000008294 1.60162957 ENSMMUG00000019023 -0.75157599 
ENSMMUG00000011513 1.595444702 ENSMMUG00000014984 -0.755508477 
ENSMMUG00000008678 1.593793372 ENSMMUG00000012988 -0.761148422 
ENSMMUG00000021019 1.576946499 ENSMMUG00000004696 -0.762111877 
ENSMMUG00000003098 1.563984934 ENSMMUG00000008049 -0.764722708 
ENSMMUG00000020819 1.554734957 ENSMMUG00000006532 -0.768399432 
ENSMMUG00000016719 1.553962487 ENSMMUG00000007220 -0.770509802 
ENSMMUG00000009588 1.538366194 ENSMMUG00000020769 -0.770910501 
ENSMMUG00000003189 1.535732221 ENSMMUG00000011039 -0.779450269 
ENSMMUG00000015054 1.527626969 ENSMMUG00000018084 -0.780014923 
ENSMMUG00000014927 1.526971522 ENSMMUG00000009095 -0.781780468 
ENSMMUG00000008776 1.516676629 ENSMMUG00000009592 -0.789700143 
ENSMMUG00000000287 1.511878233 ENSMMUG00000014813 -0.794268596 
ENSMMUG00000008591 1.503326553 ENSMMUG00000006171 -0.795179156 
ENSMMUG00000019755 1.50230385 ENSMMUG00000020749 -0.799135505 
ENSMMUG00000009793 1.491683145 ENSMMUG00000017283 -0.805735296 
ENSMMUG00000006207 1.489790929 ENSMMUG00000017723 -0.806065596 
ENSMMUG00000021350 1.483593453 ENSMMUG00000003805 -0.806452314 
ENSMMUG00000017143 1.479807569 ENSMMUG00000016377 -0.818662447 
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ENSMMUG00000004255 1.441860944 ENSMMUG00000004568 -0.818784546 
ENSMMUG00000018617 1.436683098 ENSMMUG00000015337 -0.819367324 
ENSMMUG00000013664 1.434313993 ENSMMUG00000005421 -0.824397021 
ENSMMUG00000017943 1.432607208 ENSMMUG00000022176 -0.82582243 
ENSMMUG00000002404 1.427150151 ENSMMUG00000017385 -0.82644631 
ENSMMUG00000011045 1.423761016 ENSMMUG00000003457 -0.831984775 
ENSMMUG00000021927 1.404108476 ENSMMUG00000019266 -0.832251531 
ENSMMUG00000009273 1.398707204 ENSMMUG00000014716 -0.832493994 
ENSMMUG00000000704 1.391800937 ENSMMUG00000000680 -0.837363922 
ENSMMUG00000014890 1.391189718 ENSMMUG00000005813 -0.842786171 
ENSMMUG00000004392 1.365939458 ENSMMUG00000013090 -0.84426689 
ENSMMUG00000010517 1.365769127 ENSMMUG00000016183 -0.848266759 
ENSMMUG00000022259 1.355128679 ENSMMUG00000010740 -0.848306981 
ENSMMUG00000012463 1.344088944 ENSMMUG00000004644 -0.848543556 
ENSMMUG00000005875 1.342594334 ENSMMUG00000014296 -0.84907566 
ENSMMUG00000000777 1.339869643 ENSMMUG00000021428 -0.855724729 
ENSMMUG00000007129 1.338682957 ENSMMUG00000011411 -0.857334659 
ENSMMUG00000002692 1.332341356 ENSMMUG00000018000 -0.859651729 
ENSMMUG00000000252 1.331830612 ENSMMUG00000012320 -0.860509545 
ENSMMUG00000021737 1.331041409 ENSMMUG00000018880 -0.860910321 
ENSMMUG00000019332 1.298714876 ENSMMUG00000006857 -0.864797607 
ENSMMUG00000031508 1.292950739 ENSMMUG00000015340 -0.865538352 
ENSMMUG00000015921 1.289785353 ENSMMUG00000023241 -0.872634702 
ENSMMUG00000014640 1.276448308 ENSMMUG00000014924 -0.874760954 
ENSMMUG00000003568 1.26377354 ENSMMUG00000009478 -0.880112069 
ENSMMUG00000004260 1.260941556 ENSMMUG00000006636 -0.881567888 
ENSMMUG00000010225 1.257198805 ENSMMUG00000009916 -0.88852389 
ENSMMUG00000017361 1.247888867 ENSMMUG00000009211 -0.889536016 
ENSMMUG00000001061 1.224754189 ENSMMUG00000005805 -0.890589564 
ENSMMUG00000008182 1.223594131 ENSMMUG00000012757 -0.894890394 
ENSMMUG00000018836 1.218091778 ENSMMUG00000011838 -0.896975977 
ENSMMUG00000010002 1.211202726 ENSMMUG00000000882 -0.903041763 
ENSMMUG00000012962 1.209596403 ENSMMUG00000012370 -0.905499864 
ENSMMUG00000012164 1.205977256 ENSMMUG00000012162 -0.907505062 
ENSMMUG00000014380 1.19981221 ENSMMUG00000020893 -0.909260677 
ENSMMUG00000014868 1.199413467 ENSMMUG00000005042 -0.910583491 
ENSMMUG00000004153 1.196184138 ENSMMUG00000016697 -0.911481704 
ENSMMUG00000008300 1.18800229 ENSMMUG00000001454 -0.914183254 
ENSMMUG00000017161 1.187537919 ENSMMUG00000007539 -0.920517056 
ENSMMUG00000015891 1.185562929 ENSMMUG00000015660 -0.921830671 
ENSMMUG00000017555 1.17881649 ENSMMUG00000004588 -0.926690617 
ENSMMUG00000019829 1.15291643 ENSMMUG00000031924 -0.931677767 
ENSMMUG00000031224 1.150907529 ENSMMUG00000011424 -0.933281495 
ENSMMUG00000010134 1.148609209 ENSMMUG00000005801 -0.933345521 
ENSMMUG00000020812 1.139141304 ENSMMUG00000006820 -0.934416783 
ENSMMUG00000001083 1.131087307 ENSMMUG00000010214 -0.936880288 
ENSMMUG00000010079 1.125938654 ENSMMUG00000020185 -0.937767424 
ENSMMUG00000023147 1.123023908 ENSMMUG00000009451 -0.941324595 
ENSMMUG00000007283 1.122930748 ENSMMUG00000017246 -0.943220916 
ENSMMUG00000011782 1.117358214 ENSMMUG00000010011 -0.953403576 
ENSMMUG00000019278 1.113942983 ENSMMUG00000018392 -0.955982251 
ENSMMUG00000009260 1.102561107 ENSMMUG00000029318 -0.956014418 
ENSMMUG00000005156 1.100472928 ENSMMUG00000004352 -0.957067407 
ENSMMUG00000017187 1.091705212 ENSMMUG00000029450 -0.958208799 
ENSMMUG00000003311 1.083217225 ENSMMUG00000030890 -0.959130909 
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ENSMMUG00000012846 1.076577761 ENSMMUG00000014483 -0.961604773 
ENSMMUG00000008480 1.069433822 ENSMMUG00000020850 -0.962871336 
ENSMMUG00000009746 1.06769663 ENSMMUG00000006000 -0.965239772 
ENSMMUG00000021125 1.066019719 ENSMMUG00000002178 -0.969053326 
ENSMMUG00000018468 1.06302227 ENSMMUG00000017576 -0.97233884 
ENSMMUG00000022947 1.06105971 ENSMMUG00000014386 -0.972448248 
ENSMMUG00000012550 1.051240418 ENSMMUG00000005194 -0.972700341 
ENSMMUG00000022686 1.032442869 ENSMMUG00000016960 -0.973173053 
ENSMMUG00000009589 1.031501105 ENSMMUG00000000837 -0.979428816 
ENSMMUG00000003570 1.016653778 ENSMMUG00000002009 -0.986354597 
ENSMMUG00000012788 1.016411523 ENSMMUG00000010508 -0.992555496 
ENSMMUG00000020112 1.006492342 ENSMMUG00000011831 -0.998693967 
ENSMMUG00000015322 0.992682485 ENSMMUG00000003769 -0.998751776 
ENSMMUG00000021675 0.964325078 ENSMMUG00000023007 -0.999131035 
ENSMMUG00000022442 0.962030699 ENSMMUG00000012289 -1.003634387 
ENSMMUG00000011924 0.958231546 ENSMMUG00000009598 -1.006505832 
ENSMMUG00000004082 0.95101058 ENSMMUG00000011690 -1.006948954 
ENSMMUG00000006332 0.946231419 ENSMMUG00000017201 -1.008824899 
ENSMMUG00000029827 0.939399797 ENSMMUG00000012177 -1.011450894 
ENSMMUG00000010553 0.93747298 ENSMMUG00000030408 -1.014261905 
ENSMMUG00000005701 0.933683301 ENSMMUG00000005893 -1.029670917 
ENSMMUG00000018287 0.932454824 ENSMMUG00000006970 -1.032697879 
ENSMMUG00000007247 0.931354652 ENSMMUG00000012118 -1.033547816 
ENSMMUG00000001035 0.930945947 ENSMMUG00000009642 -1.035747151 
ENSMMUG00000014100 0.920728037 ENSMMUG00000017836 -1.043031592 
ENSMMUG00000019255 0.918816519 ENSMMUG00000013119 -1.045299959 
ENSMMUG00000009194 0.910937984 ENSMMUG00000023189 -1.046620187 
ENSMMUG00000005515 0.906009927 ENSMMUG00000001027 -1.053295384 
ENSMMUG00000002135 0.905755214 ENSMMUG00000030356 -1.053295384 
ENSMMUG00000004868 0.90359628 ENSMMUG00000011594 -1.053734323 
ENSMMUG00000002523 0.901149168 ENSMMUG00000001710 -1.056877544 
ENSMMUG00000019774 0.898048608 ENSMMUG00000031049 -1.064800397 
ENSMMUG00000020687 0.89567635 ENSMMUG00000007861 -1.068861447 
ENSMMUG00000017028 0.885200733 ENSMMUG00000017482 -1.069641937 
ENSMMUG00000002651 0.876347712 ENSMMUG00000015318 -1.07084084 
ENSMMUG00000009157 0.865151584 ENSMMUG00000022167 -1.074069291 
ENSMMUG00000019048 0.864904662 ENSMMUG00000000907 -1.076701157 
ENSMMUG00000004209 0.862969306 ENSMMUG00000010167 -1.079934594 
ENSMMUG00000023381 0.853213816 ENSMMUG00000011876 -1.082080759 
ENSMMUG00000016614 0.83191764 ENSMMUG00000020528 -1.083552495 
ENSMMUG00000021720 0.82039239 ENSMMUG00000008078 -1.086274643 
ENSMMUG00000005482 0.816203738 ENSMMUG00000020426 -1.086530609 
ENSMMUG00000016731 0.813281246 ENSMMUG00000020880 -1.086713925 
ENSMMUG00000019438 0.801002864 ENSMMUG00000022034 -1.091577013 
ENSMMUG00000003861 0.787842935 ENSMMUG00000031475 -1.093678784 
ENSMMUG00000015487 0.783531795 ENSMMUG00000022157 -1.100124575 
ENSMMUG00000017430 0.77938006 ENSMMUG00000004751 -1.100884003 
ENSMMUG00000017017 0.775776631 ENSMMUG00000011711 -1.104695644 
ENSMMUG00000021449 0.763450925 ENSMMUG00000016209 -1.106965617 
ENSMMUG00000001376 0.76202432 ENSMMUG00000002624 -1.109642884 
ENSMMUG00000000917 0.750965981 ENSMMUG00000001572 -1.109665725 
ENSMMUG00000015672 0.744784881 ENSMMUG00000001545 -1.112433327 
ENSMMUG00000010891 0.74248306 ENSMMUG00000004019 -1.117561995 
ENSMMUG00000014442 0.741073852 ENSMMUG00000006284 -1.1291072 
ENSMMUG00000005928 0.725508224 ENSMMUG00000017945 -1.129559029 
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ENSMMUG00000008418 0.712569944 ENSMMUG00000013185 -1.138095455 
ENSMMUG00000020927 0.711728349 ENSMMUG00000002108 -1.140170958 
ENSMMUG00000016503 0.709310754 ENSMMUG00000007803 -1.143589502 
ENSMMUG00000004947 0.705100678 ENSMMUG00000014705 -1.147445055 
ENSMMUG00000019624 0.703537133 ENSMMUG00000014913 -1.151541169 
ENSMMUG00000019485 0.687381469 ENSMMUG00000021519 -1.158672421 
ENSMMUG00000020011 0.686057398 ENSMMUG00000004774 -1.159026723 
ENSMMUG00000019539 0.683479713 ENSMMUG00000008360 -1.166333325 
ENSMMUG00000014938 0.682917072 ENSMMUG00000012449 -1.166720336 
ENSMMUG00000023558 0.67219202 ENSMMUG00000003313 -1.170211208 
ENSMMUG00000010068 0.655681157 ENSMMUG00000011026 -1.172720726 
ENSMMUG00000021079 0.652675324 ENSMMUG00000013331 -1.179116574 
ENSMMUG00000012481 0.650632522 ENSMMUG00000020974 -1.18167606 
ENSMMUG00000002628 0.647062218 ENSMMUG00000012411 -1.188162503 
ENSMMUG00000017341 0.646909503 ENSMMUG00000011342 -1.189853283 
ENSMMUG00000009279 0.638943605 ENSMMUG00000022170 -1.190063556 
ENSMMUG00000006663 0.616711265 ENSMMUG00000004286 -1.192527545 
ENSMMUG00000013182 0.616008932 ENSMMUG00000022451 -1.196406852 
ENSMMUG00000015754 0.615598757 ENSMMUG00000006238 -1.202251377 
ENSMMUG00000001592 0.597792057 ENSMMUG00000006563 -1.204506895 
ENSMMUG00000022585 0.581492208 ENSMMUG00000002964 -1.219080711 
ENSMMUG00000015824 0.577537218 ENSMMUG00000010756 -1.221141768 
ENSMMUG00000000800 0.565666664 ENSMMUG00000006696 -1.230491219 
ENSMMUG00000016391 0.554331428 ENSMMUG00000010509 -1.236739371 
ENSMMUG00000020733 0.55196632 ENSMMUG00000012559 -1.23854634 
ENSMMUG00000015563 0.550234187 ENSMMUG00000000649 -1.239472468 
ENSMMUG00000013972 0.539148309 ENSMMUG00000006257 -1.244868801 
ENSMMUG00000005140 0.526427815 ENSMMUG00000005732 -1.245375761 
ENSMMUG00000013782 0.51920565 ENSMMUG00000005220 -1.248965136 
ENSMMUG00000016769 0.509797767 ENSMMUG00000015958 -1.25445476 
ENSMMUG00000002270 0.506486534 ENSMMUG00000017471 -1.254473872 
ENSMMUG00000004686 0.501021782 ENSMMUG00000003827 -1.256228338 
ENSMMUG00000012668 0.487442621 ENSMMUG00000019224 -1.258386033 
ENSMMUG00000014812 0.48726891 ENSMMUG00000022840 -1.261409585 
ENSMMUG00000002429 0.48460406 ENSMMUG00000009965 -1.266930307 
ENSMMUG00000023107 0.475127071 ENSMMUG00000023549 -1.27179833 
ENSMMUG00000000721 0.469491013 ENSMMUG00000029939 -1.278226638 
ENSMMUG00000010837 0.457428903 ENSMMUG00000000783 -1.289600746 
ENSMMUG00000019593 0.456864407 ENSMMUG00000016660 -1.291973912 
ENSMMUG00000021434 0.444558822 ENSMMUG00000009414 -1.294176238 
ENSMMUG00000009349 0.444424398 ENSMMUG00000016974 -1.296774713 
ENSMMUG00000006101 0.441483261 ENSMMUG00000002436 -1.299843819 
ENSMMUG00000023469 0.432127581 ENSMMUG00000018388 -1.301553794 
ENSMMUG00000002132 0.424532155 ENSMMUG00000018799 -1.302263586 
ENSMMUG00000018962 0.424123987 ENSMMUG00000010534 -1.303541178 
ENSMMUG00000000079 0.422836099 ENSMMUG00000005431 -1.320537708 
ENSMMUG00000009295 0.421135058 ENSMMUG00000001656 -1.322079965 
ENSMMUG00000000479 0.397643866 ENSMMUG00000004910 -1.322135066 
ENSMMUG00000020520 0.394384565 ENSMMUG00000009761 -1.327757816 
ENSMMUG00000000265 0.388544626 ENSMMUG00000004188 -1.329407416 
ENSMMUG00000018429 0.377767363 ENSMMUG00000014400 -1.329705938 
ENSMMUG00000006592 0.36900075 ENSMMUG00000003374 -1.329824295 
ENSMMUG00000000943 0.367839744 ENSMMUG00000000744 -1.330205618 
ENSMMUG00000017025 0.358062588 ENSMMUG00000013504 -1.330652998 
ENSMMUG00000004816 0.356684641 ENSMMUG00000020210 -1.333212251 
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ENSMMUG00000002208 0.352626398 ENSMMUG00000004773 -1.333640886 
ENSMMUG00000012935 0.347077695 ENSMMUG00000015146 -1.335136127 
ENSMMUG00000015535 0.341091541 ENSMMUG00000023048 -1.339730099 
ENSMMUG00000020634 0.334784994 ENSMMUG00000021158 -1.342493544 
ENSMMUG00000010185 0.32589036 ENSMMUG00000015427 -1.353507796 
ENSMMUG00000015595 0.325096231 ENSMMUG00000011998 -1.358860416 
ENSMMUG00000001362 0.321091351 ENSMMUG00000013604 -1.360901331 
ENSMMUG00000012938 0.314004566 ENSMMUG00000005667 -1.363616536 
ENSMMUG00000020320 0.311548435 ENSMMUG00000001781 -1.367156953 
ENSMMUG00000004457 0.300457086 ENSMMUG00000018738 -1.370256461 
ENSMMUG00000005250 0.283563107 ENSMMUG00000007149 -1.376258274 
ENSMMUG00000023763 0.274336646 ENSMMUG00000019289 -1.377228985 
ENSMMUG00000000766 0.27354497 ENSMMUG00000011034 -1.396339954 
ENSMMUG00000004370 0.267595159 ENSMMUG00000019116 -1.406215098 
ENSMMUG00000021986 0.253501239 ENSMMUG00000022287 -1.410177353 
ENSMMUG00000009693 0.248782836 ENSMMUG00000017889 -1.412693154 
ENSMMUG00000022025 0.245673242 ENSMMUG00000009399 -1.413132554 
ENSMMUG00000023254 0.241795794 ENSMMUG00000006850 -1.415739175 
ENSMMUG00000000081 0.239686438 ENSMMUG00000018220 -1.418822699 
ENSMMUG00000029639 0.234197467 ENSMMUG00000019461 -1.419968953 
ENSMMUG00000004805 0.233083228 ENSMMUG00000019671 -1.430331895 
ENSMMUG00000004520 0.228616992 ENSMMUG00000008691 -1.440671333 
ENSMMUG00000015446 0.223654741 ENSMMUG00000003068 -1.44253683 
ENSMMUG00000019818 0.221727985 ENSMMUG00000000818 -1.455372216 
ENSMMUG00000022225 0.220838287 ENSMMUG00000004980 -1.456479894 
ENSMMUG00000009026 0.219166603 ENSMMUG00000021359 -1.462980082 
ENSMMUG00000016505 0.218541141 ENSMMUG00000020995 -1.464510745 
ENSMMUG00000010520 0.199249073 ENSMMUG00000003397 -1.471033342 
ENSMMUG00000013533 0.197028062 ENSMMUG00000013060 -1.472608802 
ENSMMUG00000015642 0.186876635 ENSMMUG00000013998 -1.475144243 
ENSMMUG00000019919 0.184915348 ENSMMUG00000009296 -1.479684593 
ENSMMUG00000020275 0.180762352 ENSMMUG00000017604 -1.487314085 
ENSMMUG00000006980 0.164350722 ENSMMUG00000016337 -1.495642924 
ENSMMUG00000001798 0.16236248 ENSMMUG00000019355 -1.500843969 
ENSMMUG00000000383 0.161275971 ENSMMUG00000021870 -1.501438402 
ENSMMUG00000013425 0.149486216 ENSMMUG00000012334 -1.508166251 
ENSMMUG00000006646 0.144237233 ENSMMUG00000006095 -1.510700733 
ENSMMUG00000028863 0.136821678 ENSMMUG00000012805 -1.52077442 
ENSMMUG00000007240 0.131948254 ENSMMUG00000010384 -1.521043448 
ENSMMUG00000006542 0.127646383 ENSMMUG00000017343 -1.524032923 
ENSMMUG00000014952 0.12276822 ENSMMUG00000008423 -1.527234405 
ENSMMUG00000004938 0.117476487 ENSMMUG00000003509 -1.53106427 
ENSMMUG00000023678 0.11694181 ENSMMUG00000000594 -1.532204266 
ENSMMUG00000014798 0.109188065 ENSMMUG00000021612 -1.541135815 
ENSMMUG00000015844 0.108917374 ENSMMUG00000017907 -1.544373905 
ENSMMUG00000015686 0.10328764 ENSMMUG00000030892 -1.551670661 
ENSMMUG00000008560 0.101033089 ENSMMUG00000012818 -1.559736579 
ENSMMUG00000011486 0.100174793 ENSMMUG00000000694 -1.561682644 
ENSMMUG00000006338 0.097249605 ENSMMUG00000015610 -1.571359457 
ENSMMUG00000004161 0.084661571 ENSMMUG00000023036 -1.575785451 
ENSMMUG00000018402 0.079398496 ENSMMUG00000022534 -1.59279814 
ENSMMUG00000004346 0.079324834 ENSMMUG00000022081 -1.6103737 
ENSMMUG00000002656 0.07893412 ENSMMUG00000006163 -1.620346646 
ENSMMUG00000021459 0.073277183 ENSMMUG00000014139 -1.63067528 
ENSMMUG00000006448 0.070384464 ENSMMUG00000020771 -1.631867538 
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ENSMMUG00000009990 0.066615658 ENSMMUG00000013506 -1.642343751 
ENSMMUG00000013973 0.063974127 ENSMMUG00000019768 -1.645227861 
ENSMMUG00000011654 0.062253549 ENSMMUG00000000983 -1.652102505 
ENSMMUG00000004867 0.053422445 ENSMMUG00000015900 -1.654577939 
ENSMMUG00000020707 0.053255782 ENSMMUG00000001312 -1.667132199 
ENSMMUG00000000388 0.04910923 ENSMMUG00000023268 -1.675644512 
ENSMMUG00000005123 0.047505911 ENSMMUG00000005592 -1.678761636 
ENSMMUG00000010321 0.045108291 ENSMMUG00000018524 -1.685833028 
ENSMMUG00000017740 0.036196667 ENSMMUG00000012252 -1.687344641 
ENSMMUG00000015945 0.034331386 ENSMMUG00000020924 -1.693113049 
ENSMMUG00000006564 0.032034917 ENSMMUG00000023748 -1.700677771 
ENSMMUG00000023052 0.030481417 ENSMMUG00000022175 -1.708721949 
ENSMMUG00000019669 0.029300214 ENSMMUG00000023267 -1.716959249 
ENSMMUG00000007606 0.027365874 ENSMMUG00000032138 -1.726139648 
ENSMMUG00000003560 0.020226953 ENSMMUG00000022174 -1.732925932 
ENSMMUG00000014132 0.020098814 ENSMMUG00000011502 -1.750021132 
ENSMMUG00000023087 0.01083563 ENSMMUG00000021874 -1.768490815 
ENSMMUG00000014361 0.005594227 ENSMMUG00000029462 -1.76952721 
  ENSMMUG00000020092 -1.77274959 
  ENSMMUG00000012388 -1.780909638 
  ENSMMUG00000002623 -1.789231223 
  ENSMMUG00000004897 -1.789735587 
  ENSMMUG00000018572 -1.800976586 
  ENSMMUG00000002765 -1.80307406 
  ENSMMUG00000009146 -1.804790367 
  ENSMMUG00000022759 -1.810417858 
  ENSMMUG00000011350 -1.850625023 
  ENSMMUG00000008810 -1.856177769 
  ENSMMUG00000009917 -1.873682103 
  ENSMMUG00000015472 -1.876664781 
  ENSMMUG00000030508 -1.881031719 
  ENSMMUG00000014169 -1.88311022 
  ENSMMUG00000004173 -1.901393613 
  ENSMMUG00000005880 -1.919381515 
  ENSMMUG00000014462 -1.941795026 
  ENSMMUG00000018679 -1.952010816 
  ENSMMUG00000004705 -1.971472188 
  ENSMMUG00000000143 -1.984210907 
  ENSMMUG00000002714 -2.012351054 
  ENSMMUG00000011647 -2.019809193 
  ENSMMUG00000016000 -2.021671798 
  ENSMMUG00000029557 -2.033143477 
  ENSMMUG00000012028 -2.03526527 
  ENSMMUG00000015128 -2.042865647 
  ENSMMUG00000007331 -2.049280577 
  ENSMMUG00000001614 -2.067545069 
  ENSMMUG00000012999 -2.068858139 
  ENSMMUG00000012859 -2.07193958 
  ENSMMUG00000017422 -2.072750699 
  ENSMMUG00000000504 -2.078755617 
  ENSMMUG00000015504 -2.089237483 
  ENSMMUG00000019237 -2.0987477 
  ENSMMUG00000000486 -2.108618817 
  ENSMMUG00000001500 -2.1137485 
  ENSMMUG00000011577 -2.115257898 
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  ENSMMUG00000013397 -2.119818128 
  ENSMMUG00000020549 -2.131063143 
  ENSMMUG00000002468 -2.13280838 
  ENSMMUG00000019823 -2.133891753 
  ENSMMUG00000013875 -2.134636028 
  ENSMMUG00000008804 -2.145374749 
  ENSMMUG00000004447 -2.150463237 
  ENSMMUG00000022666 -2.164132285 
  ENSMMUG00000000005 -2.166181984 
  ENSMMUG00000013487 -2.180419708 
  ENSMMUG00000009893 -2.188701459 
  ENSMMUG00000005631 -2.19388507 
  ENSMMUG00000014593 -2.207066148 
  ENSMMUG00000030221 -2.218680345 
  ENSMMUG00000007973 -2.225978623 
  ENSMMUG00000011906 -2.234749345 
  ENSMMUG00000002305 -2.251609334 
  ENSMMUG00000013460 -2.256612739 
  ENSMMUG00000032607 -2.26133657 
  ENSMMUG00000015303 -2.270371353 
  ENSMMUG00000016962 -2.30118015 
  ENSMMUG00000008633 -2.312230965 
  ENSMMUG00000011450 -2.317908872 
  ENSMMUG00000012488 -2.322801708 
  ENSMMUG00000016544 -2.33863937 
  ENSMMUG00000004563 -2.344470729 
  ENSMMUG00000001940 -2.348727054 
  ENSMMUG00000006007 -2.363692558 
  ENSMMUG00000000330 -2.392340904 
  ENSMMUG00000013416 -2.405562637 
  ENSMMUG00000018814 -2.437483437 
  ENSMMUG00000019273 -2.44180431 
  ENSMMUG00000002253 -2.494723265 
  ENSMMUG00000016446 -2.495660481 
  ENSMMUG00000014037 -2.512898333 
  ENSMMUG00000015611 -2.520122587 
  ENSMMUG00000009901 -2.520656128 
  ENSMMUG00000012225 -2.540495635 
  ENSMMUG00000012256 -2.568637811 
  ENSMMUG00000001544 -2.569549222 
  ENSMMUG00000023454 -2.599041311 
  ENSMMUG00000009548 -2.600823617 
  ENSMMUG00000011734 -2.614453478 
  ENSMMUG00000000833 -2.616733055 
  ENSMMUG00000000908 -2.634932786 
  ENSMMUG00000016114 -2.677896899 
  ENSMMUG00000010341 -2.686400656 
  ENSMMUG00000003377 -2.706579048 
  ENSMMUG00000011949 -2.715060755 
  ENSMMUG00000000902 -2.727025185 
  ENSMMUG00000003045 -2.748209199 
  ENSMMUG00000010718 -2.748834382 
  ENSMMUG00000020772 -2.809999166 
  ENSMMUG00000012874 -2.846559468 
  ENSMMUG00000002905 -2.863479874 
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  ENSMMUG00000007039 -2.931643735 
  ENSMMUG00000006895 -2.937961819 
  ENSMMUG00000022982 -3.012900849 
  ENSMMUG00000008164 -3.025975253 
  ENSMMUG00000028946 -3.045674881 
  ENSMMUG00000011677 -3.051040664 
  ENSMMUG00000008693 -3.104700573 
  ENSMMUG00000000857 -3.131408681 
  ENSMMUG00000022884 -3.191305997 
  ENSMMUG00000008770 -3.283741724 
  ENSMMUG00000006968 -3.300882797 
  ENSMMUG00000012000 -3.326995625 
  ENSMMUG00000007917 -3.383347454 
  ENSMMUG00000012889 -3.424334451 
  ENSMMUG00000017004 -3.460970715 
  ENSMMUG00000018741 -3.594505148 
  ENSMMUG00000000439 -3.663297634 
  ENSMMUG00000010906 -3.687298155 
  ENSMMUG00000020565 -3.710027802 
  ENSMMUG00000000561 -3.818646012 
  ENSMMUG00000011825 -3.826869262 
  ENSMMUG00000015122 -3.829292069 
  ENSMMUG00000014778 -3.920475562 
  ENSMMUG00000011739 -3.931938827 
  ENSMMUG00000015302 -3.938333053 
  ENSMMUG00000010387 -3.973281202 
  ENSMMUG00000014891 -3.976917899 
  ENSMMUG00000016765 -4.056294423 
  ENSMMUG00000009895 -4.104703719 
  ENSMMUG00000010072 -4.162172113 
  ENSMMUG00000016542 -4.203535036 
  ENSMMUG00000031024 -4.240266434 
  ENSMMUG00000022663 -4.302864744 
  ENSMMUG00000015635 -4.319152692 
  ENSMMUG00000013254 -4.431394351 
  ENSMMUG00000014833 -4.908572676 
  ENSMMUG00000013717 -4.956650124 
  ENSMMUG00000004935 -5.025537023 
  ENSMMUG00000023785 -5.124424003 
  ENSMMUG00000004094 -5.649155035 
  ENSMMUG00000012667 -6.39349335 
  ENSMMUG00000005885 -6.411976147 
  ENSMMUG00000019489 -6.975759317 
  ENSMMUG00000000272 -8.772216332 




Supplemental Table 1.3.  The 242 genes found to be significantly over- or 
underexpressed in the macaque testis as compared to other tissues.  For expression 
values please refer to Supplemental Table 2A of the published materials. 
 
OVEREXPRESSED UNDEREXPRESSED 
Macaque Ensembl  
Gene ID Gene Name 
Macaque Ensembl  
Gene ID Gene Name 
ENSMMUG00000011217 SERPINA5 ENSMMUG00000015676 CDSN 
ENSMMUG00000023196 STK31 ENSMMUG00000020750 RNASE13 
ENSMMUG00000015243 SLC25A31 ENSMMUG00000006685 LOC719421 
ENSMMUG00000008029 GSTM3 ENSMMUG00000017471 LOC100426173 
ENSMMUG00000017386 DDX4 ENSMMUG00000011039 LOC709660 
ENSMMUG00000010367 MYH11 ENSMMUG00000002009 NIT1 
ENSMMUG00000006668 LOC707215 ENSMMUG00000012177 ACSL1 
ENSMMUG00000006485 L1TD1 ENSMMUG00000015337 GSTO2 
ENSMMUG00000013690 ZPBP ENSMMUG00000013251 LOC708348 
ENSMMUG00000003594 USP13 ENSMMUG00000030892 LOC701661 
ENSMMUG00000007205 COL4A6 ENSMMUG00000013060 LOC709640 
ENSMMUG00000011601 LOC700137 ENSMMUG00000023036 SLC25A3 
ENSMMUG00000014818 MYLK ENSMMUG00000004751 LOC714870 
ENSMMUG00000012819 PDK3 ENSMMUG00000016337 HINT2 
ENSMMUG00000003060 REEP6 ENSMMUG00000018392 CASP14 
ENSMMUG00000019630 LOC100426406 ENSMMUG00000017836 ATP1A4 
ENSMMUG00000018051 FAT1 ENSMMUG00000005805 HYDIN 
ENSMMUG00000016125 APOA1 ENSMMUG00000017576 LYZL4 
ENSMMUG00000007758 EPB41L2 ENSMMUG00000020974 DNAI2 
ENSMMUG00000019252 TDRD6 ENSMMUG00000018572 GHITM 
ENSMMUG00000031190 LOC714807 ENSMMUG00000021612 NDUFB7 
ENSMMUG00000005032 MYO6 ENSMMUG00000007861 LOC714131 
ENSMMUG00000020412 PACRG ENSMMUG00000007803 TSNAXIP1 
ENSMMUG00000011444 COL2A1 ENSMMUG00000013119 DISC1 
ENSMMUG00000028951 THEG ENSMMUG00000011647 ATP5H 
ENSMMUG00000015210 DYDC1 ENSMMUG00000000649 UBXN11 
ENSMMUG00000000706 FLNB ENSMMUG00000002623 LOC718532 
ENSMMUG00000007570 UACA ENSMMUG00000015318 LOC100428810 
ENSMMUG00000023060 LOC694888 ENSMMUG00000004774 HEATR7B2 
ENSMMUG00000021334 EPHB1 ENSMMUG00000001940 LOC707717 
ENSMMUG00000013329 TMC5 ENSMMUG00000015504 ATP5O 
ENSMMUG00000002512 CEP192 ENSMMUG00000016974 DNAH1 
ENSMMUG00000003726 PTPN13 ENSMMUG00000030221 UQCRH 
ENSMMUG00000016942 NAV2 ENSMMUG00000001781 LOC714269 
ENSMMUG00000008303 LOC709186 ENSMMUG00000013397 LOC719764 
ENSMMUG00000029101 DPEP3 ENSMMUG00000009414 SUN5 
ENSMMUG00000013048 JUP ENSMMUG00000017945 LOC706521 
ENSMMUG00000016123 ARHGAP21 ENSMMUG00000017422 NDUFB11 
ENSMMUG00000009659 CILP ENSMMUG00000001614 SDHB 
ENSMMUG00000023134 HIBADH ENSMMUG00000010167 TXNDC3 
ENSMMUG00000013716 EFHC1 ENSMMUG00000003769 LOC716903 
ENSMMUG00000003121 CPT1B ENSMMUG00000019768 SUV39H1 
ENSMMUG00000000696 ABHD10 ENSMMUG00000002765 SLC25A11 
ENSMMUG00000004958 LOC704116 ENSMMUG00000004447 NDUFS6 
ENSMMUG00000001008 SYNE2 ENSMMUG00000011450 NDUFA8 
ENSMMUG00000010474 HMCN1 ENSMMUG00000000744 FNDC8 
198 
ENSMMUG00000015324 SLK ENSMMUG00000014400 LOC698941 
ENSMMUG00000013627 GML ENSMMUG00000012334 LOC711475 
ENSMMUG00000005577 COL9A1 ENSMMUG00000019116 DNAH6 
ENSMMUG00000009600 ADCY3 ENSMMUG00000011998 PGK2 
ENSMMUG00000014615 LDHC ENSMMUG00000007331 BOLA2 
ENSMMUG00000001034 ZMYND12 ENSMMUG00000006850 LYZL6 
ENSMMUG00000002708 IQCK ENSMMUG00000000818 ACTL9 
ENSMMUG00000010198 CYB5R3 ENSMMUG00000011034 LOC710657 
ENSMMUG00000011955 SHPRH ENSMMUG00000016660 TRIML1 
ENSMMUG00000000455 KDM3B ENSMMUG00000015427 FSCN3 
ENSMMUG00000003176 DNAJB6 ENSMMUG00000020549 PPP6C 
ENSMMUG00000013816 TTC29 ENSMMUG00000010534 C2orf51 
ENSMMUG00000016363 LOC707094 ENSMMUG00000020210 LOC713491 
ENSMMUG00000006884 EFCAB3 ENSMMUG00000021870 LOC715694 
ENSMMUG00000008104 PSME4 ENSMMUG00000019273 TMEM30A 
ENSMMUG00000010420 MKRN1 ENSMMUG00000017907 SLC44A5 
ENSMMUG00000022027 BOD1L ENSMMUG00000014037 LOC100428450 
ENSMMUG00000009734 BPTF ENSMMUG00000019289 LOC715673 
ENSMMUG00000008241 UPF2 ENSMMUG00000019237 ECI1 
ENSMMUG00000002819 ALMS1 ENSMMUG00000003397 AK7 
ENSMMUG00000005740 USP24 ENSMMUG00000008078 LOC711824 
ENSMMUG00000009282 SPATA6 ENSMMUG00000000908 SUCLG1 
ENSMMUG00000022277 HOXD1 ENSMMUG00000001656 EDDM3B 
ENSMMUG00000015002 CHD8 ENSMMUG00000004980 LOC699585 
ENSMMUG00000023488 MYST4 ENSMMUG00000023268 ITPRIPL1 
ENSMMUG00000018740 BSG ENSMMUG00000013604 POF1B 
ENSMMUG00000004140 NUP35 ENSMMUG00000017343 GK 
ENSMMUG00000012934 LDHAL6B ENSMMUG00000020771 C9orf24 
ENSMMUG00000006144 POLK ENSMMUG00000014169 EHBP1L1 
ENSMMUG00000014314 ANKAR ENSMMUG00000023748 LOC696872 
ENSMMUG00000014640 RP1 ENSMMUG00000005592 ACR 
ENSMMUG00000013753 USP9Y ENSMMUG00000014593 CRYZ 
ENSMMUG00000010003 FBN3 ENSMMUG00000009901 HMOX2 
ENSMMUG00000031124 CECR5 ENSMMUG00000012225 NDUFB3 
ENSMMUG00000006362 HUWE1 ENSMMUG00000013506 PKP1 
ENSMMUG00000021868 TRAP1 ENSMMUG00000016114 CNP 
ENSMMUG00000014890 CA3 ENSMMUG00000011502 ODF3 
ENSMMUG00000014021 ECI2 ENSMMUG00000015611 PSMC3 
ENSMMUG00000010006 NPEPL1 ENSMMUG00000013875 GLTPD1 
ENSMMUG00000022383 THNSL1 ENSMMUG00000003045 LOC721259 
ENSMMUG00000017143 LRP2 ENSMMUG00000004897 GPD2 
ENSMMUG00000002911 MLH3 ENSMMUG00000011677 COX5A 
ENSMMUG00000000401 GAS8 ENSMMUG00000021359 PDHA2 
ENSMMUG00000007922 FHL1 ENSMMUG00000010718 HTATIP2 
ENSMMUG00000000200 KCNU1 ENSMMUG00000010384 ARMC3 
ENSMMUG00000018306 KIAA2026 ENSMMUG00000008804 UQCRB 
ENSMMUG00000010951 NFS1 ENSMMUG00000011734 NNT 
ENSMMUG00000014939 HEATR5B ENSMMUG00000022081 LOC713478 
ENSMMUG00000007107 ACAD8 ENSMMUG00000016765 COX6B1 
ENSMMUG00000006669 LOC702449 ENSMMUG00000022666 TEPP 
ENSMMUG00000009588 CCDC40 ENSMMUG00000022663 LOC693502 
ENSMMUG00000006816 LOC699295 ENSMMUG00000006895 MRPS36 
ENSMMUG00000015892 CSNK2A2 ENSMMUG00000012805 FLG2 
ENSMMUG00000019755 LOC710527 ENSMMUG00000015635 UQCRQ 
ENSMMUG00000021927 ITGA9 ENSMMUG00000020565 CBR1 
199 
ENSMMUG00000004736 SEPT2 ENSMMUG00000012889 PCYT2 
ENSMMUG00000000287 RBP1 ENSMMUG00000010387 BRP44 
ENSMMUG00000004381 HADHB ENSMMUG00000001544 LRRC57 
ENSMMUG00000010517 ACADL ENSMMUG00000011825 LOC705533 
ENSMMUG00000009205 SBF2 ENSMMUG00000011739 LOC716864 
ENSMMUG00000003568 LOC711375 ENSMMUG00000016542 LOC702831 
ENSMMUG00000017929 DNPEP ENSMMUG00000017004 PPA2 
ENSMMUG00000004942 COBRA1 ENSMMUG00000007917 CA4 
ENSMMUG00000012788 LOC699817 ENSMMUG00000010072 LOC709090 
ENSMMUG00000010002 KRT80 ENSMMUG00000014833 IDH2 
ENSMMUG00000008678 SIRT5 ENSMMUG00000004094 ACOT7 
ENSMMUG00000022860 USP47 ENSMMUG00000014778 SLC16A7 
ENSMMUG00000022208 SCCPDH ENSMMUG00000012667 ANXA1 
ENSMMUG00000002032 XPO7   
ENSMMUG00000006207 LOC714906   
ENSMMUG00000015054 LOC718503   
ENSMMUG00000001083 GLYATL1   
ENSMMUG00000014380 C20orf132   
ENSMMUG00000005595 RAB14   
ENSMMUG00000017428 UBA1   
ENSMMUG00000003098 PMPCA   
ENSMMUG00000014927 ECH1   
ENSMMUG00000002692 DAK   
ENSMMUG00000021675 LOC707289   
ENSMMUG00000028686 COX2   
ENSMMUG00000023147 PDPR   




Supplemental Table 1.4. The Rhesus Macaque Sperm Proteome including 
associated GI Number and RefSeq Identifier (NCBI), molecular weight, associated 
gene name, and the associated Ensembl Gene ID.  For complete details including 
spectral counts, number of unique proteins, and percent coverage please refer to 










Macaque Ensembl Gene 
ID 
297264852 XP_001084970.2 292 kDa ABCA12 ENSMMUG00000014813 
297283636 XP_001085530.2 182 kDa ABCA15 ENSMMUG00000018286 
109109732 XP_001117819.1 274 kDa ABCA2 ENSMMUG00000021434 
109122716 XP_001093459.1 234 kDa ABCA7 ENSMMUG00000015303 
109042934 XP_001105139.1 161 kDa ABCC5 ENSMMUG00000005515 
109032984 XP_001102959.1 34 kDa ABHD10 ENSMMUG00000000696 
297275293 XP_001097873.2 42 kDa ACAA2 ENSMMUG00000003040 
109114629 XP_001111823.1 270 kDa ACACA ENSMMUG00000009349 
297263551 XP_001109257.2 112 kDa ACAD10 ENSMMUG00000015754 
109109376 XP_001083487.1 45 kDa ACAD8 ENSMMUG00000007107 
109098063 XP_001096856.1 69 kDa ACAD9 ENSMMUG00000006338 
297264825 XP_001109931.2 44 kDa ACADL ENSMMUG00000010517 
109008499 XP_001101187.1 50 kDa ACADM ENSMMUG00000007220 
109098972 XP_001091115.1 44 kDa ACADS ENSMMUG00000020648 
109108563 XP_001103928.1 45 kDa ACAT1 ENSMMUG00000004161 
297273034 XP_001108114.2 112 kDa ACLY ENSMMUG00000018931 
109094347 XP_001105023.1 85 kDa ACO2 ENSMMUG00000001454 
284925118 NP_001165421.1 15 kDa ACOT13 ENSMMUG00000029939 
297281996 XP_001092412.2 40 kDa ACOT7 ENSMMUG00000004094 
109094676 XP_001113191.1 44 kDa ACR ENSMMUG00000005592 
109095266 XP_001107683.1 62 kDa ACRBP ENSMMUG00000016983 
297275896 XP_001087092.2 69 kDa ACSBG2 ENSMMUG00000018937 
297293773 XP_001083742.2 78 kDa ACSL1 ENSMMUG00000012177 
109131904 XP_001099363.1 74 kDa ACSL4 ENSMMUG00000004188 
297273827 XP_001110892.2 42 kDa ACTG1 ENSMMUG00000009425 
109110640 XP_001108489.1 49 kDa ACTL7A ENSMMUG00000019355 
109123247 XP_001095331.1 46 kDa ACTL9 ENSMMUG00000000818 
109098774 XP_001109414.1 100 kDa ADAM1 ENSMMUG00000031545 
109081292 XP_001097016.1 84 kDa ADAM10 ENSMMUG00000017507 
109086228 XP_001095726.1 82 kDa ADAM2 ENSMMUG00000003137 
109014709 XP_001114229.1 90 kDa ADAM30 ENSMMUG00000017482 
297299269 XP_001095172.2 88 kDa ADAM32 ENSMMUG00000029007 
109037695 XP_001091856.1 217 kDa ADAMTS9 ENSMMUG00000000265 
109084448 XP_001104139.1 60 kDa ADCK1 ENSMMUG00000023627 
297265561 XP_002799210.1 132 kDa ADCY3 ENSMMUG00000009600 
109075082 XP_001106834.1 40 kDa ADH1B ENSMMUG00000018738 
109121512 XP_001094146.1 89 kDa AFG3L2 ENSMMUG00000021125 
297293737 XP_001090811.2 32 kDa AGA ENSMMUG00000007393 
297267662 XP_001116497.2 594 kDa AHNAK ENSMMUG00000022301 
297271246 XP_002800218.1 28 kDa AK1 ENSMMUG00000013998 
109001656 XP_001106031.1 26 kDa AK2 ENSMMUG00000006284 
109084807 XP_001102256.1 83 kDa AK7 ENSMMUG00000003397 
109095136 XP_001101477.1 95 kDa AKAP3 ENSMMUG00000020812 
109083269 XP_001115172.1 256 kDa AKAP6 ENSMMUG00000015128 
109068261 XP_001100679.1 36 kDa AKR1B1 ENSMMUG00000000917 
109074537 XP_001103956.1 69 kDa ALB ENSMMUG00000003827 
201 
109069782 XP_001101142.1 57 kDa ALDH5A1 ENSMMUG00000019368 
109128138 XP_001107644.1 75 kDa ALDOA ENSMMUG00000000983 
109103380 XP_001105121.1 461 kDa ALMS1 ENSMMUG00000002819 
297282416 XP_001109717.2 57 kDa ALPL ENSMMUG00000002217 
109100577 XP_001099408.1 209 kDa ALS2CR11 ENSMMUG00000018144 
297293261 XP_001095353.2 448 kDa ANK2 ENSMMUG00000008633 
297301338 XP_002808549.1 480 kDa ANK3 ENSMMUG00000003589 
297264525 XP_001107256.2 162 kDa ANKAR ENSMMUG00000014314 
297284681 XP_002808353.1 297 kDa ANKRD11 ENSMMUG00000017161 
109092865 XP_001116085.1 87 kDa ANKRD5 ENSMMUG00000015923 
297271091 XP_001098693.2 40 kDa ANXA1 ENSMMUG00000012667 
297296560 XP_002804839.1 39 kDa ANXA2 ENSMMUG00000012000 
297266201 XP_002799348.1 34 kDa ANXA4 ENSMMUG00000000857 
297293304 XP_001100224.2 54 kDa ANXA5 ENSMMUG00000009194 
297295492 XP_001100437.2 75 kDa ANXA6 ENSMMUG00000021053 
109042886 XP_001101780.1 50 kDa AP2M1 ENSMMUG00000006557 
109125279 XP_001112688.1 17 kDa AP2S1 ENSMMUG00000000833 
297294842 XP_002804524.1 298 kDa APC ENSMMUG00000000330 
109108768 XP_001090535.1 31 kDa APOA1 ENSMMUG00000016125 
109111222 XP_001100020.1 37 kDa AQP7 ENSMMUG00000001545 
109037966 XP_001099012.1 21 kDa ARF4 ENSMMUG00000018617 
297297788 XP_001096620.2 20 kDa ARF6 ENSMMUG00000015642 
297300645 XP_001100413.2 216 kDa ARHGAP21 ENSMMUG00000016123 
297289563 XP_001094223.2 176 kDa ARHGEF5 ENSMMUG00000010134 
297291484 XP_001096831.2 241 kDa ARID1B ENSMMUG00000002270 
109088400 XP_001097654.1 96 kDa ARMC3 ENSMMUG00000010384 
109088518 XP_001105229.1 116 kDa ARMC4 ENSMMUG00000020661 
297286448 XP_001093250.2 47 kDa ARPM1 ENSMMUG00000021874 
297292684 XP_002804121.1 43 kDa ART3 ENSMMUG00000020907 
297291414 XP_002803889.1 249 kDa ASCC3 ENSMMUG00000022287 
109105777 XP_001116548.1 32 kDa ASRGL1 ENSMMUG00000013831 
297269119 XP_002799825.1 340 kDa ATM ENSMMUG00000004153 
109017575 XP_001117376.1 110 kDa ATP1A4 ENSMMUG00000017836 
74136401 NP_001028098.1 134 kDa ATP2B4 ENSMMUG00000021116 
297275252 XP_001089681.2 60 kDa ATP5A1 ENSMMUG00000003570 
297262709 XP_002798681.1 54 kDa ATP5B ENSMMUG00000001027 
74136357 NP_001028073.1 6 kDa ATP5E ENSMMUG00000013185 
109013523 XP_001105535.1 29 kDa ATP5F1 ENSMMUG00000003313 
109118139 XP_001092326.1 19 kDa ATP5H ENSMMUG00000011647 
297287720 XP_001105143.2 14 kDa ATP5J ENSMMUG00000008725 
109108866 XP_001098196.1 11 kDa ATP5L ENSMMUG00000017604 
109065448 XP_001090216.1 23 kDa ATP5O ENSMMUG00000015504 
109048973 XP_001112149.1 301 kDa ATR ENSMMUG00000007927 
297289086 XP_002808409.1 95 kDa ATXN7L1 ENSMMUG00000000383 
297298670 XP_002805269.1 51 kDa BAG5 ENSMMUG00000017005 
297262707 XP_001115300.2 195 kDa BAZ2A ENSMMUG00000019332 
109125432 XP_001114272.1 44 kDa BCAT2 ENSMMUG00000010079 
297291222 XP_001111198.2 38 kDa BCKDHB ENSMMUG00000004829 
297264906 XP_002799095.1 47 kDa BCS1L ENSMMUG00000006740 
109112314 XP_001103849.1 94 kDa BICD2 ENSMMUG00000001061 
109100614 XP_001101663.1 115 kDa BMPR2 ENSMMUG00000009009 
109073769 XP_001098928.1 330 kDa BOD1L ENSMMUG00000022027 
109128186 XP_001110082.1 17 kDa BOLA2 ENSMMUG00000007331 
297273456 XP_002808182.1 334 kDa BPTF ENSMMUG00000009734 
109018224 XP_001103255.1 14 kDa BRP44 ENSMMUG00000010387 
202 
297275589 XP_001117081.2 42 kDa BSG ENSMMUG00000018740 
297301486 XP_002805795.1 202 kDa BTAF1 ENSMMUG00000017627 
109090165 XP_001104471.1 25 kDa C10orf62  
297301916 XP_001095518.2 18 kDa C10orf82 ENSMMUG00000010907 
109096910 XP_001104094.1 42 kDa C12orf10 ENSMMUG00000022034 
109120401 XP_001100666.1 33 kDa C13orf26 ENSMMUG00000019461 
109111319 XP_001105128.1 32 kDa C15H9orf11 ENSMMUG00000010985 
109112210 XP_001095281.1 60 kDa C15H9orf117 ENSMMUG00000016423 
109128715 XP_001101318.1 23 kDa C16orf80 ENSMMUG00000015891 
109114807 XP_001084224.1 18 kDa C17orf98 ENSMMUG00000017201 
109017947 XP_001083460.1 38 kDa C1H1orf69 ENSMMUG00000023087 
297283847 XP_002802497.1 38 kDa C20H16orf93 ENSMMUG00000020880 
109092138 XP_001093209.1 120 kDa C20orf132 ENSMMUG00000014380 
109093035 XP_001091948.1 141 kDa C20orf26 ENSMMUG00000011429 
109065155 XP_001103777.1 28 kDa C21orf33 ENSMMUG00000005272 
297268728 XP_001115612.2 261 kDa C2CD3 ENSMMUG00000010321 
109103768 XP_001093440.1 21 kDa C2orf51 ENSMMUG00000010534 
297265605 XP_001087268.2 23 kDa C2orf70 ENSMMUG00000014296 
297275935 XP_001091921.2 157 kDa C3 ENSMMUG00000008693 
109033260 XP_001110255.1 90 kDa C3orf15 ENSMMUG00000000907 
297302595 XP_001117272.2 117 kDa C4B ENSMMUG00000000749 
297280904 XP_001110596.2 62 kDa C4BPAP1 ENSMMUG00000013738 
157364994 NP_001098633.1 20 kDa C4H6orf136 ENSMMUG00000019959 
109078426 XP_001096795.1 15 kDa C5orf48 ENSMMUG00000015958 
297288677 XP_002803394.1 68 kDa C7orf31 ENSMMUG00000005701 
109066063 XP_001104680.1 24 kDa C7orf61 ENSMMUG00000030395 
109087774 XP_001094921.1 24 kDa C8H8orf82 ENSMMUG00000015595 
109111736 XP_001094501.1 27 kDa C9orf135 ENSMMUG00000015844 
109111192 XP_001097814.1 30 kDa C9orf24 ENSMMUG00000020771 
297270911 XP_002800168.1 146 kDa C9orf93 ENSMMUG00000016731 
109086851 XP_001096360.1 29 kDa CA2 ENSMMUG00000014891 
109086849 XP_001095900.1 33 kDa CA3 ENSMMUG00000014890 
297272743 XP_001107970.2 35 kDa CA4 ENSMMUG00000007917 
109101381 XP_001112762.1 40 kDa CAB39 ENSMMUG00000009793 
109121798 XP_001095870.1 52 kDa CABYR ENSMMUG00000004346 
297276276 XP_002801141.1 243 kDa CACNA1A ENSMMUG00000003555 
297261549 XP_001117926.2 242 kDa CACNA1C ENSMMUG00000012988 
109123592 XP_001110217.1 48 kDa CALR ENSMMUG00000004392 
109099011 XP_001094017.1 65 kDa CAMKK2 ENSMMUG00000016969 
297262906 XP_001106780.2 136 kDa CAND1 ENSMMUG00000008300 
297295890 XP_002804711.1 68 kDa CANX ENSMMUG00000012370 
297290934 XP_002808436.1 83 kDa CAPN11 ENSMMUG00000012876 
109095878 XP_001096292.1 35 kDa CAPZA3 ENSMMUG00000022176 
109121274 XP_001083130.1 37 kDa CARKD ENSMMUG00000012663 
109123728 XP_001111598.1 28 kDa CASP14 ENSMMUG00000018392 
109072066 XP_001098220.1 223 kDa CASP8AP2 ENSMMUG00000009182 
109106805 XP_001115625.1 60 kDa CAT ENSMMUG00000002429 
297287569 XP_001088120.2 37 kDa CBR1 ENSMMUG00000020565 
297293674 XP_001082399.2 25 kDa CBR4 ENSMMUG00000015921 
109080303 XP_001119088.1 27 kDa CBY3 ENSMMUG00000029714 
109101044 XP_001096641.1 218 kDa CCDC108 ENSMMUG00000000783 
297275296 XP_001091617.2 62 kDa CCDC11 ENSMMUG00000009049 
109128717 XP_001101506.1 44 kDa CCDC113 ENSMMUG00000019446 
109093396 XP_001087657.1 56 kDa CCDC116 ENSMMUG00000018799 
297289271 XP_001090156.2 139 kDa CCDC136 ENSMMUG00000009625 
203 
297289034 XP_001083560.2 108 kDa CCDC146 ENSMMUG00000006696 
297301813 XP_002805859.1 98 kDa CCDC147 ENSMMUG00000015339 
297276165 XP_001106119.2 69 kDa CCDC151 ENSMMUG00000016505 
297280414 XP_001115183.2 65 kDa CCDC19 ENSMMUG00000011342 
297273785 XP_001109774.2 121 kDa CCDC40 ENSMMUG00000009588 
109113239 XP_001113261.1 38 kDa CCDC42 ENSMMUG00000003424 
109119249 XP_001113581.1 117 kDa CCDC57 ENSMMUG00000012818 
297262250 XP_001104499.2 57 kDa CCDC65 ENSMMUG00000006970 
109106880 XP_001084263.1 124 kDa CCDC73 ENSMMUG00000009028 
297298458 XP_001089462.2 229 kDa CCDC88C ENSMMUG00000020687 
109111014 XP_001083007.1 67 kDa CCIN ENSMMUG00000010214 
297262937 XP_001108460.2 57 kDa CCT2 ENSMMUG00000010820 
297266092 XP_001114200.2 52 kDa CCT4 ENSMMUG00000013973 
109076723 XP_001085735.1 60 kDa CCT5 ENSMMUG00000020112 
297288261 XP_001090105.2 58 kDa CCT6A ENSMMUG00000015272 
297272371 XP_002808166.1 49 kDa CCT6B ENSMMUG00000006399 
109103372 XP_001104880.1 59 kDa CCT7 ENSMMUG00000012448 
109065591 XP_001101969.1 60 kDa CCT8 ENSMMUG00000003023 
297280894 XP_001111698.2 50 kDa CD46 ENSMMUG00000007129 
109106850 XP_001082751.1 14 kDa CD59 ENSMMUG00000006062 
109073035 XP_001088397.1 65 kDa CDC40 ENSMMUG00000008182 
297259808 XP_002808003.1 299 kDa CDH6 ENSMMUG00000020458 
109114869 XP_001088486.1 163 kDa CDK12 ENSMMUG00000021350 
109113959 XP_001113136.1 34 kDa CDK5R1 ENSMMUG00000009548 
109069747 XP_001098819.1 65 kDa CDKAL1 ENSMMUG00000007954 
157365006 NP_001098639.1 52 kDa CDSN ENSMMUG00000015676 
109093227 XP_001102935.1 46 kDa CECR5 ENSMMUG00000031124 
109075207 XP_001110512.1 317 kDa CENPE ENSMMUG00000019089 
297280798 XP_001105956.2 356 kDa CENPF ENSMMUG00000015634 
109110405 XP_001095434.1 269 kDa CEP110 ENSMMUG00000012668 
297292889 XP_001084949.2 133 kDa CEP135 ENSMMUG00000009925 
297296382 XP_001113236.2 190 kDa CEP152 ENSMMUG00000009829 
109019795 XP_001091584.1 175 kDa CEP170 ENSMMUG00000019914 
297274913 XP_001118314.2 279 kDa CEP192 ENSMMUG00000002512 
109092209 XP_001099508.1 281 kDa CEP250 ENSMMUG00000007335 
109098157 XP_001101114.1 290 kDa CEP290 ENSMMUG00000015862 
109019179 XP_001115148.1 351 kDa CEP350 ENSMMUG00000002135 
109068243 XP_001099844.1 27 kDa CHCHD3 ENSMMUG00000031842 
297297256 XP_002808499.1 209 kDa CHD2 ENSMMUG00000011782 
109113157 XP_001111066.1 224 kDa CHD3 ENSMMUG00000022221 
297261645 XP_001107252.2 218 kDa CHD4 ENSMMUG00000018685 
297297436 XP_001096619.2 262 kDa CHD8 ENSMMUG00000015002 
109039075 XP_001082768.1 65 kDa CHDH ENSMMUG00000019266 
109081528 XP_001108811.1 133 kDa CILP ENSMMUG00000009659 
109103537 XP_001112108.1 43 kDa CKB ENSMMUG00000018977 
297290459 XP_001105672.2 41 kDa CLIC1 ENSMMUG00000029827 
297272708 XP_001108647.2 192 kDa CLTC ENSMMUG00000010509 
297299138 XP_001109522.2 58 kDa CLU ENSMMUG00000021516 
109077768 XP_001109762.1 440 kDa CMYA5 ENSMMUG00000020733 
109086878 XP_001083646.1 92 kDa CNGB3 ENSMMUG00000017889 
78486580 NP_001030605.1 48 kDa CNP ENSMMUG00000016114 
109113169 XP_001111510.1 104 kDa CNTROB ENSMMUG00000022225 
297264178 XP_001098489.2 135 kDa COBLL1 ENSMMUG00000009400 
109109650 XP_001087434.1 65 kDa COBRA1 ENSMMUG00000004942 
297291177 XP_001109727.2 337 kDa COL12A1 ENSMMUG00000019261 
204 
109009549 XP_001109249.1 176 kDa COL24A1 ENSMMUG00000013205 
109096329 XP_001100739.1 142 kDa COL2A1 ENSMMUG00000011444 
297264512 XP_001105968.2 138 kDa COL3A1 ENSMMUG00000021286 
109131876 XP_001098448.1 163 kDa COL4A6 ENSMMUG00000007205 
297287373 XP_001118050.2 224 kDa COL6A1 ENSMMUG00000000544 
297265178 XP_002799142.1 278 kDa COL6A3 ENSMMUG00000014049 
109071664 XP_001111519.1 64 kDa COL9A1 ENSMMUG00000005577 
109129357 XP_001112723.1 16 kDa COTL1 ENSMMUG00000007039 
49146239 YP_026107.1 26 kDa COX2 ENSMMUG00000028686 
109129420 XP_001084054.1 20 kDa COX4I1 ENSMMUG00000006763 
94421002 NP_001035369.1 17 kDa COX5A ENSMMUG00000011677 
94421004 NP_001035371.1 10 kDa COX6B1 ENSMMUG00000016765 
297277935 XP_002801456.1 11 kDa COX6B2 ENSMMUG00000003068 
297299846 XP_002805459.1 9 kDa COX6C ENSMMUG00000000165 
109100846 XP_001110375.1 165 kDa CPS1 ENSMMUG00000010508 
297261385 XP_001116383.2 88 kDa CPT1B ENSMMUG00000003121 
109004849 XP_001112489.1 74 kDa CPT2 ENSMMUG00000007606 
109110062 XP_001109211.1 71 kDa CRAT ENSMMUG00000011767 
109034667 XP_001092911.1 45 kDa CRELD1 ENSMMUG00000018285 
74136183 NP_001027983.1 29 kDa CRISP1 ENSMMUG00000004190 
109071432 XP_001105058.1 27 kDa CRISP2 ENSMMUG00000019818 
297282318 XP_002802251.1 219 kDa CROCC ENSMMUG00000007315 
297284828 XP_001086806.2 329 kDa CRYBG3 ENSMMUG00000017871 
109008477 XP_001100174.1 35 kDa CRYZ ENSMMUG00000014593 
297299985 XP_001092598.2 401 kDa CSMD3 ENSMMUG00000007342 
109078384 XP_001093600.1 52 kDa CSNK1G3 ENSMMUG00000006646 
297260098 XP_002798227.1 45 kDa CSNK2A1 ENSMMUG00000031224 
297284125 XP_001101458.2 38 kDa CSNK2A2 ENSMMUG00000015892 
74136407 NP_001028096.1 16 kDa CST3 ENSMMUG00000009200 
297267375 XP_001111664.2 17 kDa CST6 ENSMMUG00000006095 
109104961 XP_001091601.1 45 kDa CTSD ENSMMUG00000003874 
109088671 XP_001087853.1 87 kDa CUL2 ENSMMUG00000002469 
109101264 XP_001109745.1 89 kDa CUL3 ENSMMUG00000022259 
109090222 XP_001106529.1 29 kDa CUTC ENSMMUG00000023763 
109113153 XP_001110765.1 27 kDa CYB5D1 ENSMMUG00000008179 
288541407 NP_001165640.1 34 kDa CYB5R3 ENSMMUG00000010198 
109087718 XP_001089897.1 35 kDa CYC1 ENSMMUG00000007149 
109110717 XP_001110333.1 41 kDa CYLC2 ENSMMUG00000015205 
297290783 XP_002803782.1 126 kDa DAAM2 ENSMMUG00000019072 
297267726 XP_001082829.2 44 kDa DAK ENSMMUG00000002692 
109098204 XP_001104340.1 40 kDa DCN ENSMMUG00000016997 
109103429 XP_001108541.1 139 kDa DCTN1 ENSMMUG00000015610 
297294301 XP_002804411.1 77 kDa DDX4 ENSMMUG00000017386 
109086906 XP_001085155.1 36 kDa DECR1 ENSMMUG00000006663 
109092610 XP_001107105.1 12 kDa DEFB116 ENSMMUG00000031231 
109092501 XP_001111314.1 20 kDa DEFB129 ENSMMUG00000017283 
109085602 XP_001085667.1 9 kDa DEFB131 ENSMMUG00000017580 
109085561 XP_001084559.1 9 kDa DEFB136 ENSMMUG00000017581 
109097157 XP_001112464.1 83 kDa DGKA ENSMMUG00000018814 
109130791 XP_001083870.1 141 kDa DGKK ENSMMUG00000016492 
109103405 XP_001107072.1 32 kDa DGUOK ENSMMUG00000017830 
167234413 NP_001107827.1 93 kDa DISC1 ENSMMUG00000013119 
109108634 XP_001107013.1 69 kDa DLAT ENSMMUG00000017568 
297289120 XP_002803472.1 49 kDa DLD ENSMMUG00000006564 
109084326 XP_001095138.1 49 kDa DLST ENSMMUG00000004260 
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297285638 XP_001085984.2 493 kDa DNAH1 ENSMMUG00000016974 
297263815 XP_002798870.1 495 kDa DNAH10 ENSMMUG00000009211 
297288719 XP_002808405.1 507 kDa DNAH11 ENSMMUG00000022764 
297271835 XP_002808158.1 524 kDa DNAH2 ENSMMUG00000008166 
297293999 XP_002804368.1 512 kDa DNAH5 ENSMMUG00000011026 
297266412 XP_001082827.2 476 kDa DNAH6 ENSMMUG00000019116 
109100443 XP_001085325.1 461 kDa DNAH7 ENSMMUG00000005622 
297290762 XP_002803779.1 533 kDa DNAH8 ENSMMUG00000023381 
109111188 XP_001097717.1 79 kDa DNAI1 ENSMMUG00000020777 
297273524 XP_001088046.2 68 kDa DNAI2 ENSMMUG00000020974 
109082044 XP_001107532.1 48 kDa DNAJA4 ENSMMUG00000014204 
109069048 XP_001082390.1 36 kDa DNAJB6 ENSMMUG00000003176 
108996304 XP_001094602.1 63 kDa DNAJC11 ENSMMUG00000004686 
109084265 XP_001085992.1 22 kDa DNAL1 ENSMMUG00000004910 
109094221 XP_001096055.1 12 kDa DNAL4 ENSMMUG00000004868 
297270138 XP_002808141.1 97 kDa DNM1 ENSMMUG00000013717 
109101117 XP_001103498.1 54 kDa DNPEP ENSMMUG00000017929 
109128971 XP_001096561.1 57 kDa DPEP3 ENSMMUG00000029101 
297288561 XP_002803376.1 82 kDa DPY19L2 ENSMMUG00000009865 
297275140 XP_001098098.2 100 kDa DSC1 ENSMMUG00000011690 
109121856 XP_001098203.1 114 kDa DSG1 ENSMMUG00000022703 
109069567 XP_001085012.1 332 kDa DSP ENSMMUG00000014784 
109101748 XP_001094132.1 24 kDa DTYMK ENSMMUG00000008049 
109089156 XP_001087736.1 16 kDa DYDC1 ENSMMUG00000015210 
297266262 XP_002799336.1 234 kDa DYSF ENSMMUG00000007176 
297276972 XP_001084167.2 36 kDa ECH1 ENSMMUG00000014927 
109127267 XP_001084889.1 33 kDa ECI1 ENSMMUG00000019237 
109069481 XP_001094776.1 43 kDa ECI2 ENSMMUG00000014021 
109016069 XP_001101653.1 61 kDa ECM1 ENSMMUG00000006257 
109082693 XP_001092129.1 18 kDa EDDM3B ENSMMUG00000001656 
297275803 XP_001118006.2 95 kDa EEF2 ENSMMUG00000022767 
297281693 XP_002802163.1 21 kDa EFCAB2 ENSMMUG00000011424 
297273353 XP_002800607.1 50 kDa EFCAB3 ENSMMUG00000006884 
297272271 XP_001108289.2 173 kDa EFCAB5 ENSMMUG00000012118 
109094486 XP_001108976.1 173 kDa EFCAB6 ENSMMUG00000005769 
297286981 XP_001088383.2 91 kDa EFHB ENSMMUG00000018836 
109071493 XP_001107470.1 74 kDa EFHC1 ENSMMUG00000013716 
297300106 XP_002808535.1 96 kDa EFR3A ENSMMUG00000012559 
109105816 XP_001118116.1 161 kDa EHBP1L1 ENSMMUG00000014169 
297268162 XP_001084341.2 43 kDa EIF3M ENSMMUG00000009026 
284519693 NP_001165314.1 26 kDa ELSPBP1 ENSMMUG00000006857 
297266016 XP_001112056.2 208 kDa EML6  
108996408 XP_001098980.1 47 kDa ENO1 ENSMMUG00000022947 
297291747 XP_001104857.2 112 kDa EPB41L2 ENSMMUG00000007758 
109049307 XP_001115263.1 110 kDa EPHB1 ENSMMUG00000021334 
297261889 XP_001091077.2 92 kDa EPS8 ENSMMUG00000020431 
109088973 XP_001107536.1 169 kDa ERCC6 ENSMMUG00000017943 
109086143 XP_001088868.1 38 kDa ERLIN2 ENSMMUG00000000943 
109098785 XP_001109649.1 29 kDa ERP29 ENSMMUG00000013916 
284520876 NP_001165310.1 24 kDa ESP24.4 ENSMMUG00000029450 
109081992 XP_001104838.1 35 kDa ETFA ENSMMUG00000011045 
109125759 XP_001116320.1 28 kDa ETFB ENSMMUG00000023531 
109076038 XP_001097120.1 68 kDa ETFDH ENSMMUG00000004644 
109069400 XP_001089411.1 104 kDa EXOC2 ENSMMUG00000023558 
297291462 XP_002803901.1 66 kDa EZR ENSMMUG00000019457 
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297305138 XP_002806506.1 245 kDa F8 ENSMMUG00000010245 
109086789 XP_001092255.1 15 kDa FABP4 ENSMMUG00000010906 
109086783 XP_001091773.1 15 kDa FABP5 ENSMMUG00000000486 
297266090 XP_001114142.2 77 kDa FAM161A ENSMMUG00000013972 
297295563 XP_001113357.2 66 kDa FAM71B ENSMMUG00000010994 
109098387 XP_001087300.1 27 kDa FAM71C ENSMMUG00000002178 
297298088 XP_002805151.1 45 kDa FAM71D ENSMMUG00000029318 
109119169 XP_001113076.1 273 kDa FASN ENSMMUG00000012811 
297293817 XP_001091341.2 177 kDa FAT1 ENSMMUG00000018051 
297293336 XP_002804232.1 543 kDa FAT4 ENSMMUG00000011810 
297296380 XP_001113107.2 327 kDa FBN1 ENSMMUG00000004239 
297275989 XP_001097964.2 281 kDa FBN3 ENSMMUG00000010003 
109019845 XP_001094968.1 55 kDa FH ENSMMUG00000005667 
109132396 XP_001103233.1 34 kDa FHL1 ENSMMUG00000007922 
297291190 XP_002803839.1 138 kDa FILIP1 ENSMMUG00000019275 
109017123 XP_001114732.1 54 kDa FLAD1 ENSMMUG00000006584 
297280009 XP_001109011.2 310 kDa FLG2 ENSMMUG00000012805 
109132798 XP_001091073.1 281 kDa FLNA ENSMMUG00000013668 
297285533 XP_001097922.2 281 kDa FLNB ENSMMUG00000000706 
109113990 XP_001113878.1 36 kDa FNDC8 ENSMMUG00000000744 
297297753 XP_001094300.2 92 kDa FSCB ENSMMUG00000011876 
109068075 XP_001089987.1 57 kDa FSCN3 ENSMMUG00000015427 
297267677 XP_002799570.1 21 kDa FTH1 ENSMMUG00000015146 
74136363 NP_001028072.1 21 kDa FUNDC2 ENSMMUG00000010248 
109108348 XP_001089380.1 59 kDa FUT4 ENSMMUG00000008963 
109073003 XP_001085015.1 61 kDa FYN ENSMMUG00000017017 
109118858 XP_001109980.1 105 kDa GAA ENSMMUG00000009589 
109095230 XP_001105471.1 36 kDa GAPDH ENSMMUG00000018679 
109124364 XP_001095332.1 45 kDa GAPDHS ENSMMUG00000000837 
109129566 XP_001093935.1 56 kDa GAS8 ENSMMUG00000000401 
297292753 XP_001104833.2 55 kDa GC ENSMMUG00000023241 
109127749 XP_001084051.1 38 kDa GDE1 ENSMMUG00000013331 
109088117 XP_001105854.1 51 kDa GDI2 ENSMMUG00000013182 
109066975 XP_001085474.1 21 kDa GGCT ENSMMUG00000012550 
109086527 XP_001091897.1 36 kDa GGH ENSMMUG00000009146 
297301000 XP_002805697.1 36 kDa GHITM ENSMMUG00000018572 
109066071 XP_001104969.1 114 kDa GIGYF1 ENSMMUG00000004082 
297293657 XP_001100778.2 61 kDa GK ENSMMUG00000017343 
109074367 XP_001090807.1 61 kDa GK2  
109101068 XP_001098894.1 74 kDa GLB1L ENSMMUG00000019624 
109090971 XP_001090479.1 37 kDa GLRX3 ENSMMUG00000018429 
108995512 XP_001092407.1 24 kDa GLTPD1 ENSMMUG00000013875 
109019143 XP_001114827.1 42 kDa GLUL ENSMMUG00000022884 
109106085 XP_001091958.1 35 kDa GLYATL1 ENSMMUG00000001083 
109087662 XP_001093415.1 18 kDa GML ENSMMUG00000013627 
297281840 XP_001106100.2 77 kDa GNPAT ENSMMUG00000005801 
297292512 XP_002804091.1 31 kDa GNPDA2 ENSMMUG00000009273 
297270136 XP_001112219.2 114 kDa GOLGA2 ENSMMUG00000022967 
109128739 XP_001103601.1 47 kDa GOT2 ENSMMUG00000006000 
109017364 XP_001116621.1 50 kDa GPATCH4 ENSMMUG00000002624 
109116225 XP_001114634.1 164 kDa GPATCH8 ENSMMUG00000012658 
109066044 XP_001103286.1 63 kDa GPC2 ENSMMUG00000018402 
297262338 XP_001102726.2 41 kDa GPD1 ENSMMUG00000006532 
109099744 XP_001086947.1 81 kDa GPD2 ENSMMUG00000004897 
109124320 XP_001110104.1 38 kDa GPI ENSMMUG00000005880 
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297276733 XP_001109998.2 31 kDa GPI ENSMMUG00000005880 
109114096 XP_001081991.1 257 kDa GPR179 ENSMMUG00000020528 
297294707 XP_002808479.1 693 kDa GPR98 ENSMMUG00000018976 
169646762 NP_001112361.1 22 kDa GPX4 ENSMMUG00000028946 
226531183 NP_001152774.1 25 kDa GPX5 ENSMMUG00000004618 
297299885 XP_001098439.2 81 kDa GRHL2 ENSMMUG00000020995 
297303831 XP_001105181.2 96 kDa GRIPAP1 ENSMMUG00000020059 
109013331 XP_001096283.1 27 kDa GSTM3 ENSMMUG00000008029 
109090494 XP_001114322.1 28 kDa GSTO2 ENSMMUG00000015337 
111185949 NP_001036141.1 23 kDa GSTP1 ENSMMUG00000018524 
109066340 XP_001082778.1 108 kDa GTF2IRD1 ENSMMUG00000018842 
109113177 XP_001111670.1 120 kDa GUCY2D ENSMMUG00000017723 
109132895 XP_001091351.1 13 kDa H2AFB3 ENSMMUG00000009478 
297293189 XP_001084834.2 34 kDa HADH ENSMMUG00000023254 
109102275 XP_001086472.1 83 kDa HADHA ENSMMUG00000004380 
297265595 XP_001086547.2 51 kDa HADHB ENSMMUG00000004381 
109127167 XP_001090907.1 34 kDa HAGH ENSMMUG00000000737 
256600242 NP_001157900.1 16 kDa HBB ENSMMUG00000004867 
109122085 XP_001086254.1 30 kDa HDHD2 ENSMMUG00000010999 
109110522 XP_001101852.1 28 kDa HDHD3 ENSMMUG00000007187 
297265801 XP_002799261.1 216 kDa HEATR5B ENSMMUG00000014939 
297300271 XP_002808538.1 207 kDa HEATR7A ENSMMUG00000014716 
297294199 XP_001085887.2 179 kDa HEATR7B2 ENSMMUG00000004774 
297296624 XP_002804832.1 528 kDa HERC1 ENSMMUG00000012117 
297296008 XP_001109429.2 527 kDa HERC2 ENSMMUG00000004370 
297288636 XP_002803390.1 35 kDa HIBADH ENSMMUG00000023134 
109111034 XP_001084633.1 17 kDa HINT2 ENSMMUG00000016337 
109072803 XP_001107408.1 20 kDa HINT3 ENSMMUG00000004291 
109128120 XP_001107024.1 61 kDa HIRIP3 ENSMMUG00000020275 
297290289 XP_001092924.2 32 kDa HIST1H2AJ ENSMMUG00000029907 
109073424 XP_001086992.1 14 kDa HIST1H2BA ENSMMUG00000031475 
297290066 XP_002803652.1 296 kDa HIVEP1 ENSMMUG00000008560 
109089482 XP_001110350.1 101 kDa HK1 ENSMMUG00000015302 
297281240 XP_002808305.1 606 kDa HMCN1 ENSMMUG00000010474 
109127431 XP_001096772.1 36 kDa HMOX2 ENSMMUG00000009901 
297264383 XP_001095080.2 320 kDa HOXD1 ENSMMUG00000022277 
109042262 XP_001090791.1 59 kDa HRG ENSMMUG00000018910 
109093727 XP_001102843.1 27 kDa HSCB ENSMMUG00000020489 
109130853 XP_001087982.1 27 kDa HSD17B10 ENSMMUG00000009296 
169234984 NP_001108430.1 27 kDa HSD17B8 ENSMMUG00000003861 
109110554 XP_001104189.1 45 kDa HSDL2 ENSMMUG00000011654 
297298638 XP_002805263.1 91 kDa HSP90AA1  
109071315 XP_001099439.1 83 kDa HSP90AB1 ENSMMUG00000022686 
109098491 XP_001095189.1 93 kDa HSP90B1 ENSMMUG00000023469 
109078594 XP_001106903.1 91 kDa HSPA4 ENSMMUG00000009396 
297293346 XP_002808467.1 94 kDa HSPA4L ENSMMUG00000015245 
109112231 XP_001099110.1 72 kDa HSPA5 ENSMMUG00000005217 
109109056 XP_001108049.1 71 kDa HSPA8 ENSMMUG00000004696 
109078796 XP_001113234.1 74 kDa HSPA9 ENSMMUG00000005875 
297264607 XP_002799053.1 61 kDa HSPD1 ENSMMUG00000010489 
109088618 XP_001084953.1 11 kDa HSPE1 ENSMMUG00000030631 
297268248 XP_001093563.2 30 kDa HTATIP2 ENSMMUG00000010718 
109130859 XP_001088987.1 482 kDa HUWE1 ENSMMUG00000006362 
297284415 XP_002802613.1 563 kDa HYDIN ENSMMUG00000005805 
109018264 XP_001099877.1 111 kDa IARS2 ENSMMUG00000007783 
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109089936 XP_001090249.1 118 kDa IDE ENSMMUG00000023267 
109082346 XP_001095686.1 51 kDa IDH2 ENSMMUG00000014833 
297297013 XP_001106839.2 40 kDa IDH3A ENSMMUG00000011838 
297305059 XP_001087052.2 36 kDa IDH3G ENSMMUG00000003374 
297292017 XP_002804004.1 271 kDa IGF2R ENSMMUG00000015658 
297288321 XP_001082388.2 62 kDa IKZF1 ENSMMUG00000000504 
109125610 XP_001115764.1 63 kDa IL4I1 ENSMMUG00000011627 
109106907 XP_001086241.1 19 kDa IMMP1L ENSMMUG00000016806 
297289144 XP_001098516.2 20 kDa IMMP2L ENSMMUG00000015535 
297266457 XP_001085763.2 63 kDa IMMT ENSMMUG00000015824 
297299668 XP_001092596.2 36 kDa IMPA1 ENSMMUG00000002628 
297297558 XP_002808502.1 117 kDa IPO4 ENSMMUG00000012481 
297274716 XP_002800858.1 124 kDa IPO5 ENSMMUG00000013531 
109039323 XP_001094762.1 27 kDa IQCF1 ENSMMUG00000004352 
109127757 XP_001084890.1 33 kDa IQCK ENSMMUG00000002708 
297294575 XP_002808477.1 193 kDa IQGAP2 ENSMMUG00000022982 
297303929 XP_002808580.1 171 kDa IQSEC2 ENSMMUG00000020555 
297271192 XP_001082365.2 15 kDa ISCA1 ENSMMUG00000003399 
109098615 XP_001103180.1 18 kDa ISCU ENSMMUG00000017126 
297277941 XP_001088057.2 30 kDa ISOC2 ENSMMUG00000012704 
297264316 XP_001086200.2 122 kDa ITGA6 ENSMMUG00000002370 
297286151 XP_001086687.2 71 kDa ITGA9 ENSMMUG00000021927 
109095988 XP_001102937.1 308 kDa ITPR2 ENSMMUG00000023128 
109103861 XP_001098586.1 63 kDa ITPRIPL1 ENSMMUG00000023268 
109080651 XP_001096354.1 46 kDa IVD ENSMMUG00000014462 
109125420 XP_001114117.1 39 kDa IZUMO1 ENSMMUG00000004019 
109125646 XP_001115951.1 25 kDa IZUMO2 ENSMMUG00000017065 
109122763 XP_001096762.1 25 kDa IZUMO4 ENSMMUG00000015660 
109115422 XP_001107394.1 82 kDa JUP ENSMMUG00000013048 
109019004 XP_001112100.1 130 kDa KCNT2 ENSMMUG00000021082 
109086137 XP_001088318.1 130 kDa KCNU1 ENSMMUG00000000200 
297295173 XP_002804573.1 155 kDa KDM3B ENSMMUG00000000455 
297274349 XP_001091849.2 214 kDa KIAA0564 ENSMMUG00000011594 
109084662 XP_001095032.1 276 kDa KIAA1409 ENSMMUG00000012388 
297270963 XP_001108823.2 228 kDa KIAA2026 ENSMMUG00000018306 
109092967 XP_001086226.1 152 kDa KIF16B ENSMMUG00000009658 
109111182 XP_001089333.1 144 kDa KIF24 ENSMMUG00000018726 
297295549 XP_002808485.1 140 kDa KIF4A ENSMMUG00000011463 
109071199 XP_001091528.1 63 kDa KLHDC3 ENSMMUG00000000766 
297273031 XP_001093757.2 59 kDa KLHL10 ENSMMUG00000005961 
297284130 XP_001101689.2 43 kDa KLKBL4 ENSMMUG00000019451 
297280030 XP_002801836.1 64 kDa KPRP ENSMMUG00000001965 
297273003 XP_002800507.1 52 kDa KRT14 ENSMMUG00000009893 
297273009 XP_002800509.1 48 kDa KRT17 ENSMMUG00000009895 
109115381 XP_001105558.1 47 kDa KRT31 ENSMMUG00000010756 
297262456 XP_002798645.1 56 kDa KRT4 ENSMMUG00000014984 
109096743 XP_001091826.1 51 kDa KRT80 ENSMMUG00000010002 
109096767 XP_001093322.1 54 kDa KRT83 ENSMMUG00000031924 
297263635 XP_001083311.2 104 kDa KSR2 ENSMMUG00000005421 
109005759 XP_001084821.1 101 kDa L1TD1 ENSMMUG00000006485 
109083523 XP_001099959.1 50 kDa L2HGDH ENSMMUG00000007468 
297291923 XP_002803983.1 199 kDa LAMA4 ENSMMUG00000013782 
297282019 XP_002802197.1 129 kDa LAMB3 ENSMMUG00000016925 
109100832 XP_001110118.1 45 kDa LANCL1 ENSMMUG00000010520 
109073813 XP_001102528.1 56 kDa LAP3 ENSMMUG00000005732 
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109081738 XP_001088126.1 53 kDa LARP6 ENSMMUG00000004429 
109109691 XP_001091964.1 22 kDa LCN12 ENSMMUG00000021428 
109112565 XP_001083008.1 22 kDa LCN2 ENSMMUG00000023801 
109120673 XP_001098501.1 70 kDa LCP1 ENSMMUG00000017033 
109107092 XP_001084747.1 40 kDa LDHA ENSMMUG00000031024 
109081323 XP_001098727.1 42 kDa LDHAL6B ENSMMUG00000012934 
109087215 XP_001085541.1 40 kDa LDHB ENSMMUG00000002679 
297268286 XP_001082436.2 36 kDa LDHC ENSMMUG00000014615 
297282135 XP_002802216.1 99 kDa LETM1 ENSMMUG00000019948 
297299253 XP_002805360.1 56 kDa LETM2 ENSMMUG00000022476 
274324259 NP_001162098.1 15 kDa LGALS1 ENSMMUG00000017187 
109124625 XP_001083444.1 15 kDa LGALS7 ENSMMUG00000020396 
297297297 XP_002805002.1 86 kDa LINS ENSMMUG00000016503 
297280274 XP_001113604.2 74 kDa LMNA ENSMMUG00000016096 
297274587 XP_002800835.1 190 kDa LMO7 ENSMMUG00000001312 
297294977 XP_002804543.1 13 kDa LOC100423212 ENSMMUG00000009523 
297262435 XP_002798639.1 89 kDa LOC100424162 ENSMMUG00000018220 
297262439 XP_002798641.1 63 kDa LOC100424400 ENSMMUG00000002468 
297277567 XP_002801364.1 38 kDa LOC100424733  
297294154 XP_001094346.2 97 kDa LOC100426110 ENSMMUG00000000704 
297268831 XP_002799757.1 14 kDa LOC100426173 ENSMMUG00000017471 
297284352 XP_002802565.1 32 kDa LOC100426255 ENSMMUG00000029462 
297279504 XP_002801738.1 26 kDa LOC100426406 ENSMMUG00000019630 
297298059 XP_002805116.1 18 kDa LOC100428346 ENSMMUG00000029319 
297301791 XP_002805856.1 6 kDa LOC100428450 ENSMMUG00000014037 
297273364 XP_002800616.1 173 kDa LOC100428661 ENSMMUG00000012608 
297262672 XP_002798670.1 17 kDa LOC100428775 ENSMMUG00000031838 
297266407 XP_002799374.1 17 kDa LOC100428810 ENSMMUG00000015318 
297275776 XP_002801069.1 27 kDa LOC100429070  
297289774 XP_002803589.1 85 kDa LOC100429410  
297260586 XP_002798310.1 42 kDa LOC100429645  
297282371 XP_002802259.1 28 kDa LOC100429776  
297279977 XP_002801821.1 11 kDa LOC100429846  
297299573 XP_002805421.1 36 kDa LOC100430103  
297260673 XP_002798341.1 25 kDa LOC100430606 ENSMMUG00000020092 
297291079 XP_002803823.1 823 kDa LOC100430705 ENSMMUG00000000777 
74136251 NP_001028017.1 16 kDa LOC574167 ENSMMUG00000014120 
297267709 XP_002799580.1 43 kDa LOC693280 ENSMMUG00000014913 
297304658 XP_002806416.1 33 kDa LOC693502 ENSMMUG00000022663 
297283579 XP_002808335.1 400 kDa LOC693542 ENSMMUG00000022441 
297276963 XP_002808238.1 363 kDa LOC693612  
109088599 XP_001082288.1 17 kDa LOC693706 ENSMMUG00000013755 
109088603 XP_001082542.1 148 kDa LOC694100 ENSMMUG00000021559 
109111647 XP_001084982.1 25 kDa LOC694714 ENSMMUG00000000143 
297266733 XP_002808096.1 358 kDa LOC694823 ENSMMUG00000021019 
297303881 XP_002808575.1 95 kDa LOC694888 ENSMMUG00000023060 
109012626 XP_001084129.1 53 kDa LOC695041 ENSMMUG00000003425 
297261830 XP_001083764.2 45 kDa LOC695131  
297281411 XP_002802095.1 49 kDa LOC695383  
297283263 XP_001084229.2 34 kDa LOC695591 ENSMMUG00000019234 
109085559 XP_001084441.1 9 kDa LOC695789 ENSMMUG00000029037 
297297149 XP_001084602.2 21 kDa LOC695951 ENSMMUG00000011486 
109081196 XP_001087840.1 121 kDa LOC696389 ENSMMUG00000001423 
297263049 XP_001085175.2 209 kDa LOC696548  
297265601 XP_002799219.1 84 kDa LOC696596  
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297293540 XP_001087585.2 179 kDa LOC696761 ENSMMUG00000009001 
297290241 XP_001086509.2 46 kDa LOC696872 ENSMMUG00000023748 
297263671 XP_002808040.1 17 kDa LOC696956 ENSMMUG00000016000 
297298461 XP_002808514.1 126 kDa LOC697012 ENSMMUG00000014950 
297304714 XP_001087146.2 33 kDa LOC697148 ENSMMUG00000012619 
297288323 XP_001085774.2 49 kDa LOC697167  
297283624 XP_002808336.1 464 kDa LOC697227  
297274582 XP_001085879.2 26 kDa LOC697276 ENSMMUG00000003560 
109112571 XP_001083243.1 47 kDa LOC697326 ENSMMUG00000009965 
109078943 XP_001087963.1 11 kDa LOC697736 ENSMMUG00000010011 
109091534 XP_001090289.1 20 kDa LOC697817 ENSMMUG00000000079 
109091526 XP_001089363.1 20 kDa LOC6978423 ENSMMUG00000000079 
297283296 XP_001086626.2 33 kDa LOC697965 ENSMMUG00000015945 
109130193 XP_001089321.1 22 kDa LOC698137 ENSMMUG00000016361 
297282777 XP_001086675.2 8 kDa LOC698144  
297262463 XP_001086676.2 51 kDa LOC698145  
109050839 XP_001089745.1 48 kDa LOC698344 ENSMMUG00000005138 
109085615 XP_001089204.1 39 kDa LOC698379 ENSMMUG00000012043 
297279764 XP_002801785.1 61 kDa LOC698525  
109071982 XP_001091637.1 38 kDa LOC698733 ENSMMUG00000022466 
109096815 XP_001097289.1 57 kDa LOC698941 ENSMMUG00000014400 
109020362 XP_001087497.1 9 kDa LOC699019 ENSMMUG00000030300 
297270699 XP_001087499.2 29 kDa LOC699025 ENSMMUG00000014924 
297286161 XP_002808376.1 337 kDa LOC699295 ENSMMUG00000006816 
297262447 XP_001098182.2 65 kDa LOC699320 ENSMMUG00000016962 
109096839 XP_001098486.1 66 kDa LOC699567 ENSMMUG00000002305 
109111140 XP_001092661.1 148 kDa LOC699585 ENSMMUG00000004980 
109078314 XP_001088733.1 28 kDa LOC699743 ENSMMUG00000018000 
109095788 XP_001090519.1 28 kDa LOC699817 ENSMMUG00000012788 
109126085 XP_001088337.1 12 kDa LOC699908 ENSMMUG00000002964 
297291961 XP_001088445.2 222 kDa LOC700039 ENSMMUG00000020537 
109076755 XP_001087717.1 23 kDa LOC700114 ENSMMUG00000011892 
297304502 XP_002808591.1 179 kDa LOC700137 ENSMMUG00000011601 
297289273 XP_002808411.1 288 kDa LOC700223 ENSMMUG00000006296 
109101715 XP_001090766.1 43 kDa LOC700574 ENSMMUG00000016209 
297288435 XP_001096329.2 16 kDa LOC701198 ENSMMUG00000019023 
297302469 XP_001084813.2 11 kDa LOC701601  
109108888 XP_001099921.1 14 kDa LOC701661 ENSMMUG00000030892 
109089750 XP_001097858.1 12 kDa LOC701716 ENSMMUG00000019823 
297278451 XP_001090146.2 147 kDa LOC701860 ENSMMUG00000002642 
109129589 XP_001094404.1 15 kDa LOC701930 ENSMMUG00000032607 
109108128 XP_001098899.1 29 kDa LOC702035 ENSMMUG00000020154 
109129591 XP_001094526.1 13 kDa LOC702052 ENSMMUG00000000594 
109019000 XP_001111875.1 139 kDa LOC702129 ENSMMUG00000014139 
109115260 XP_001100571.1 62 kDa LOC702153 ENSMMUG00000001500 
297265673 XP_001090488.2 229 kDa LOC702215 ENSMMUG00000030890 
297275260 XP_001090494.2 253 kDa LOC702221 ENSMMUG00000017246 
109068150 XP_001090499.1 20 kDa LOC702226  
109132545 XP_001090509.1 27 kDa LOC702242  
109099553 XP_001089607.1 10 kDa LOC702360 ENSMMUG00000001194 
297282358 XP_002802257.1 572 kDa LOC702449 ENSMMUG00000006669 
297288911 XP_001101596.2 94 kDa LOC702735 ENSMMUG00000023680 
109108151 XP_001100286.1 22 kDa LOC702831 ENSMMUG00000016542 
297277960 XP_002801494.1 19 kDa LOC702901 ENSMMUG00000004805 
297285353 XP_002808365.1 28 kDa LOC703201 ENSMMUG00000008810 
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109089777 XP_001099871.1 65 kDa LOC703468 ENSMMUG00000010845 
109149705 XP_001085508.1 13 kDa LOC703470 ENSMMUG00000016278 
297264432 XP_002808058.1 3708 kDa LOC703527  
297300184 XP_001091934.2 37 kDa LOC703629  
297285549 XP_001099534.2 459 kDa LOC703670 ENSMMUG00000015322 
297280690 XP_002808298.1 510 kDa LOC703819 ENSMMUG00000031474 
297271075 XP_001092156.2 24 kDa LOC703828 ENSMMUG00000018880 
297273001 XP_002800547.1 70 kDa LOC703932  
109048504 XP_001102054.1 31 kDa LOC704116 ENSMMUG00000004958 
297262587 XP_001092492.2 15 kDa LOC704163 ENSMMUG00000000116 
297277109 XP_001092499.2 21 kDa LOC704173 ENSMMUG00000004813 
297269074 XP_002799822.1 466 kDa LOC704215  
109085114 XP_001088316.1 83 kDa LOC704251  
109089236 XP_001096479.1 30 kDa LOC704257 ENSMMUG00000008691 
297300048 XP_002808533.1 157 kDa LOC704478 ENSMMUG00000020467 
109039588 XP_001092974.1 121 kDa LOC704609  
297266525 XP_002808091.1 37 kDa LOC704637 ENSMMUG00000012859 
109019789 XP_001090172.1 18 kDa LOC704944 ENSMMUG00000000015 
297271120 XP_002808150.1 361 kDa LOC705323 ENSMMUG00000019754 
109109658 XP_001089040.1 36 kDa LOC705446 ENSMMUG00000012162 
109066521 XP_001091520.1 56 kDa LOC705465 ENSMMUG00000030356 
109087084 XP_001093891.1 21 kDa LOC705533 ENSMMUG00000011825 
109096355 XP_001101660.1 35 kDa LOC706043 ENSMMUG00000014483 
109003894 XP_001102742.1 22 kDa LOC706142 ENSMMUG00000006221 
109078474 XP_001100135.1 12 kDa LOC706196 ENSMMUG00000017068 
297285788 XP_001094831.2 13 kDa LOC706455 ENSMMUG00000012962 
297283408 XP_002808333.1 41 kDa LOC706521 ENSMMUG00000017945 
297272999 XP_001106377.2 94 kDa LOC706830  
297295022 XP_002808483.1 102 kDa LOC706847  
297300651 XP_001100977.2 28 kDa LOC706858  
297285798 XP_001095395.2 23 kDa LOC706975  
297299276 XP_002805363.1 78 kDa LOC707094 ENSMMUG00000016363 
109093207 XP_001102025.1 50 kDa LOC707215 ENSMMUG00000006668 
297273007 XP_002800548.1 100 kDa LOC707236 ENSMMUG00000009893 
297278026 XP_001095716.2 97 kDa LOC707289 ENSMMUG00000021675 
297272588 XP_001096144.2 43 kDa LOC707717 ENSMMUG00000001940 
109075552 XP_001102884.1 556 kDa LOC707785 ENSMMUG00000004571 
297273127 XP_002808177.1 173 kDa LOC707820  
297288546 XP_002808404.1 86 kDa LOC707898 ENSMMUG00000005057 
297293910 XP_001094170.2 31 kDa LOC708018  
109043037 XP_001096717.1 89 kDa LOC708258 ENSMMUG00000010553 
297297438 XP_001096730.2 22 kDa LOC708273 ENSMMUG00000014992 
297264216 XP_002808051.1 401 kDa LOC708348 ENSMMUG00000013251 
297268936 XP_001096934.2 51 kDa LOC708448  
297278620 XP_002808262.1 63 kDa LOC708660 ENSMMUG00000002714 
297262255 XP_001104802.2 28 kDa LOC708716 ENSMMUG00000006968 
109043502 XP_001107947.1 22 kDa LOC708821 ENSMMUG00000009746 
297274417 XP_002800789.1 32 kDa LOC708871 ENSMMUG00000004209 
297279929 XP_002808286.1 87 kDa LOC708898 ENSMMUG00000010068 
297285830 XP_002808369.1 36 kDa LOC708981 ENSMMUG00000000081 
297296580 XP_002808497.1 423 kDa LOC709080 ENSMMUG00000001362 
297303672 XP_001097580.2 38 kDa LOC709087 ENSMMUG00000016391 
297279931 XP_002808281.1 37 kDa LOC709090 ENSMMUG00000010072 
297269840 XP_002799964.1 62 kDa LOC709111 ENSMMUG00000005042 
109132354 XP_001097691.1 28 kDa LOC709186 ENSMMUG00000008303 
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109099257 XP_001104422.1 26 kDa LOC709200 ENSMMUG00000020927 
297261215 XP_002798421.1 26 kDa LOC709297  
297259992 XP_001105320.2 51 kDa LOC709469 ENSMMUG00000023549 
297287215 XP_002803112.1 39 kDa LOC709490  
297262690 XP_001098147.2 74 kDa LOC709604 ENSMMUG00000002483 
109094394 XP_001106675.1 18 kDa LOC709640 ENSMMUG00000013060 
297285019 XP_001106577.2 245 kDa LOC709660 ENSMMUG00000011039 
109132001 XP_001104474.1 13 kDa LOC709686 ENSMMUG00000020850 
297281112 XP_002802025.1 23 kDa LOC709693 ENSMMUG00000020772 
297299871 XP_002805463.1 28 kDa LOC709723 ENSMMUG00000006489 
109113762 XP_001108990.1 38 kDa LOC709846 ENSMMUG00000004710 
297264263 XP_001098455.2 67 kDa LOC709886 ENSMMUG00000031398 
297281139 XP_001098956.2 332 kDa LOC710341 ENSMMUG00000013504 
109127574 XP_001103205.1 48 kDa LOC710402 ENSMMUG00000019726 
297297036 XP_002804949.1 29 kDa LOC710417 ENSMMUG00000010740 
109090264 XP_001108340.1 22 kDa LOC710521 ENSMMUG00000006636 
297268496 XP_001099164.2 35 kDa LOC710527 ENSMMUG00000019755 
109001746 XP_001107984.1 23 kDa LOC710554 ENSMMUG00000006238 
297272689 XP_001106885.2 64 kDa LOC710657 ENSMMUG00000011034 
297304638 XP_002808593.1 225 kDa LOC710690 ENSMMUG00000011498 
297279962 XP_002801820.1 29 kDa LOC710734 ENSMMUG00000020924 
109088986 XP_001108073.1 29 kDa LOC710785 ENSMMUG00000007105 
297297857 XP_001099493.2 40 kDa LOC710822 ENSMMUG00000029348 
297289968 XP_001095995.2 10 kDa LOC710865  
297285012 XP_002808363.1 209 kDa LOC710894  
297295090 XP_001109331.2 117 kDa LOC711026 ENSMMUG00000012463 
297276015 XP_002801102.1 18 kDa LOC711212 ENSMMUG00000016697 
109075211 XP_001099986.1 190 kDa LOC711218  
297278681 XP_001110791.2 13 kDa LOC711309 ENSMMUG00000032138 
297277211 XP_002808244.1 32 kDa LOC711375 ENSMMUG00000003568 
297300064 XP_001100168.2 22 kDa LOC711387 ENSMMUG00000015493 
297267279 XP_002799509.1 37 kDa LOC711412  
108995865 XP_001112288.1 41 kDa LOC711475 ENSMMUG00000012334 
297277215 XP_002801331.1 18 kDa LOC711527  
109101397 XP_001113006.1 22 kDa LOC711562 ENSMMUG00000018388 
109101399 XP_001113035.1 106 kDa LOC711724 ENSMMUG00000011769 
297263535 XP_001100621.2 33 kDa LOC711766  
297284111 XP_001100628.2 98 kDa LOC711779 ENSMMUG00000015692 
297279997 XP_001108969.2 27 kDa LOC711796 ENSMMUG00000014361 
109112933 XP_001100940.1 32 kDa LOC711817 ENSMMUG00000006592 
109033159 XP_001108118.1 71 kDa LOC711824 ENSMMUG00000008078 
297263537 XP_001100707.2 28 kDa LOC711849 ENSMMUG00000003297 
297277228 XP_002801334.1 30 kDa LOC712018  
109080438 XP_001109622.1 82 kDa LOC712426 ENSMMUG00000019339 
297282965 XP_002802353.1 50 kDa LOC712690 ENSMMUG00000012028 
109111460 XP_001109607.1 55 kDa LOC712700 ENSMMUG00000018394 
297276037 XP_001102007.2 505 kDa LOC712878  
297298161 XP_001110348.2 54 kDa LOC712994 ENSMMUG00000017430 
297300256 XP_001102185.2 51 kDa LOC713021  
297285905 XP_001102560.2 91 kDa LOC713258 ENSMMUG00000021251 
109097318 XP_001115388.1 19 kDa LOC713353 ENSMMUG00000013766 
297269565 XP_001111710.2 26 kDa LOC713422 ENSMMUG00000014812 
109033287 XP_001110854.1 15 kDa LOC713428 ENSMMUG00000001592 
109080972 XP_001111799.1 10 kDa LOC713440  
297265848 XP_001102811.2 62 kDa LOC713452 ENSMMUG00000030864 
213 
297304263 XP_001102833.2 76 kDa LOC713478 ENSMMUG00000022081 
109109189 XP_001111783.1 13 kDa LOC713491 ENSMMUG00000020210 
109090411 XP_001112871.1 43 kDa LOC713513 ENSMMUG00000011949 
109094527 XP_001109788.1 45 kDa LOC713547 ENSMMUG00000023007 
297292311 XP_001098618.2 25 kDa LOC713566 ENSMMUG00000022025 
109084132 XP_001111189.1 84 kDa LOC713632 ENSMMUG00000029297 
297300460 XP_001108136.2 30 kDa LOC713768 ENSMMUG00000009207 
297260751 XP_001103310.2 197 kDa LOC713845 ENSMMUG00000031049 
109104429 XP_001103312.1 49 kDa LOC713847 ENSMMUG00000016960 
109002119 XP_001111996.1 32 kDa LOC713912 ENSMMUG00000008418 
109100395 XP_001103467.1 50 kDa LOC713951 ENSMMUG00000007283 
109092497 XP_001111242.1 13 kDa LOC714089 ENSMMUG00000012757 
297273305 XP_001103721.2 71 kDa LOC714131 ENSMMUG00000007861 
109095371 XP_001110883.1 40 kDa LOC714269 ENSMMUG00000001781 
297284698 XP_002802646.1 16 kDa LOC714360 ENSMMUG00000014908 
109018480 XP_001112168.1 48 kDa LOC714370 ENSMMUG00000011711 
297289692 XP_002803578.1 93 kDa LOC714415 ENSMMUG00000006673 
109016319 XP_001110158.1 10 kDa LOC714425 ENSMMUG00000009451 
109113963 XP_001113262.1 23 kDa LOC714491 ENSMMUG00000011411 
297285130 XP_002802718.1 18 kDa LOC714652 ENSMMUG00000016377 
109095407 XP_001111957.1 33 kDa LOC714693 ENSMMUG00000010205 
109109947 XP_001104188.1 55 kDa LOC714698 ENSMMUG00000009916 
297273859 XP_002800695.1 59 kDa LOC714702  
297272681 XP_002800476.1 57 kDa LOC714724 ENSMMUG00000008423 
109109955 XP_001104586.1 19 kDa LOC714749 ENSMMUG00000021158 
297287337 XP_001103600.2 52 kDa LOC714807 ENSMMUG00000031190 
297282356 XP_001104847.2 145 kDa LOC714870 ENSMMUG00000004751 
297271785 XP_002808159.1 167 kDa LOC714906 ENSMMUG00000006207 
297267379 XP_001111884.2 12 kDa LOC715124 ENSMMUG00000019114 
109009638 XP_001105446.1 93 kDa LOC715292 ENSMMUG00000000813 
297278778 XP_002801609.1 127 kDa LOC715310 ENSMMUG00000009114 
109018504 XP_001106008.1 11 kDa LOC715673 ENSMMUG00000019289 
108997217 XP_001106171.1 23 kDa LOC715694 ENSMMUG00000021870 
297273746 XP_001106086.2 218 kDa LOC715728  
297273748 XP_002800678.1 291 kDa LOC715774  
109070470 XP_001112540.1 27 kDa LOC715807 ENSMMUG00000005294 
297286704 XP_002808385.1 107 kDa LOC715820 ENSMMUG00000011577 
297301805 XP_001106544.2 192 kDa LOC716031 ENSMMUG00000015328 
297290448 XP_001112776.2 68 kDa LOC716051 ENSMMUG00000015686 
109083195 XP_001114218.1 31 kDa LOC716309 ENSMMUG00000009517 
297271339 XP_002800238.1 153 kDa LOC716322 ENSMMUG00000009642 
109000074 XP_001112101.1 32 kDa LOC716455 ENSMMUG00000012252 
297305173 XP_001107370.2 50 kDa LOC716574  
297290467 XP_002803717.1 72 kDa LOC716633 ENSMMUG00000029822 
297278228 XP_002801516.1 19 kDa LOC716666 ENSMMUG00000011350 
297286736 XP_001107546.2 32 kDa LOC716682 ENSMMUG00000012256 
109092668 XP_001114288.1 42 kDa LOC716726 ENSMMUG00000021328 
109033576 XP_001114416.1 26 kDa LOC716767 ENSMMUG00000016719 
297295928 XP_001107789.2 103 kDa LOC716825  
297292075 XP_002804014.1 12 kDa LOC716864 ENSMMUG00000011739 
109019208 XP_001115400.1 118 kDa LOC716903 ENSMMUG00000003769 
297285191 XP_001108084.2 99 kDa LOC716977 ENSMMUG00000012488 
297290507 XP_002808426.1 458 kDa LOC716998 ENSMMUG00000000758 
297269572 XP_001108287.2 13 kDa LOC717085  
109049304 XP_001115170.1 29 kDa LOC717110 ENSMMUG00000031508 
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109091945 XP_001108669.1 11 kDa LOC717298 ENSMMUG00000018248 
297260137 XP_001108905.2 39 kDa LOC717432  
297280200 XP_002808288.1 52 kDa LOC717595 ENSMMUG00000008506 
109066549 XP_001109440.1 17 kDa LOC717686 ENSMMUG00000005928 
297287889 XP_001109586.2 41 kDa LOC717755 ENSMMUG00000021075 
297262995 XP_001109910.2 40 kDa LOC717899 ENSMMUG00000012290 
297281789 XP_002808311.1 405 kDa LOC718051  
297276353 XP_002808223.1 198 kDa LOC718251 ENSMMUG00000028863 
109017347 XP_001116562.1 61 kDa LOC718374 ENSMMUG00000019034 
109107840 XP_001115049.1 33 kDa LOC718503 ENSMMUG00000015054 
297280322 XP_001116635.2 34 kDa LOC718532 ENSMMUG00000002623 
109016800 XP_001111453.1 12 kDa LOC718569 ENSMMUG00000010807 
297263888 XP_001111568.2 30 kDa LOC718628 ENSMMUG00000020926 
297283066 XP_002802378.1 875 kDa LOC718651 ENSMMUG00000009562 
109002516 XP_001111685.1 75 kDa LOC718677  
297280351 XP_002808292.1 62 kDa LOC718714 ENSMMUG00000012431 
297266014 XP_002799272.1 20 kDa LOC718777 ENSMMUG00000003909 
297290667 XP_001112203.2 32 kDa LOC718882 ENSMMUG00000018224 
109097813 XP_001117580.1 27 kDa LOC718901 ENSMMUG00000012289 
297273472 XP_001112547.2 52 kDa LOC719021 ENSMMUG00000002194 
109123760 XP_001112667.1 26 kDa LOC719065 ENSMMUG00000013758 
109129646 XP_001113182.1 8 kDa LOC719247  
297286916 XP_002808380.1 288 kDa LOC719331 ENSMMUG00000020377 
109017517 XP_001117234.1 25 kDa LOC719421 ENSMMUG00000006685 
297276938 XP_002808236.1 340 kDa LOC719441 ENSMMUG00000006820 
109017530 XP_001117253.1 17 kDa LOC719474 ENSMMUG00000018444 
297280420 XP_002801870.1 22 kDa LOC719527 ENSMMUG00000004705 
109124010 XP_001115139.1 46 kDa LOC719748 ENSMMUG00000008578 
109109506 XP_001114433.1 13 kDa LOC719764 ENSMMUG00000013397 
109122616 XP_001114742.1 15 kDa LOC719914 ENSMMUG00000030331 
109066259 XP_001114888.1 40 kDa LOC719983 ENSMMUG00000009917 
297277816 XP_001116652.2 33 kDa LOC720010 ENSMMUG00000016643 
297277822 XP_001116690.2 135 kDa LOC720058  
109119486 XP_001115237.1 12 kDa LOC720156  
109109576 XP_001115952.1 27 kDa LOC720475 ENSMMUG00000023638 
297277852 XP_001116015.2 33 kDa LOC720510 ENSMMUG00000000236 
109073548 XP_001116478.1 19 kDa LOC720734 ENSMMUG00000032201 
109126566 XP_001116746.1 14 kDa LOC720846  
297271485 XP_002800267.1 7 kDa LOC720855  
297302264 XP_001116834.2 54 kDa LOC720896  
297275661 XP_002808210.1 39 kDa LOC721259 ENSMMUG00000003045 
297271575 XP_002800291.1 173 kDa LOC721291 ENSMMUG00000023161 
109109836 XP_001118059.1 21 kDa LOC721864 ENSMMUG00000017918 
297267397 XP_002799522.1 19 kDa LOC721882 ENSMMUG00000019016 
297265375 XP_001118105.2 112 kDa LOC721910 ENSMMUG00000030945 
297267469 XP_001118213.2 21 kDa LOC722013 ENSMMUG00000012320 
297287418 XP_002803157.1 97 kDa LOC722173 ENSMMUG00000004173 
297261723 XP_001118361.2 229 kDa LOC722177  
109109968 XP_001118487.1 61 kDa LOC722327 ENSMMUG00000004588 
297300397 XP_002808539.1 80 kDa LOC722330 ENSMMUG00000004935 
297278317 XP_001118583.2 43 kDa LOC722433  
297278319 XP_001118592.2 31 kDa LOC722443  
297275872 XP_001088663.2 121 kDa LONP1 ENSMMUG00000020707 
297274415 XP_002808190.1 100 kDa LRCH1 ENSMMUG00000016293 
297264242 XP_001104179.2 520 kDa LRP2 ENSMMUG00000017143 
215 
297297542 XP_001103904.2 148 kDa LRRC16B ENSMMUG00000007357 
297273341 XP_001106714.2 207 kDa LRRC37A  
297273313 XP_001104557.2 194 kDa LRRC37A3  
109113493 XP_001092080.1 61 kDa LRRC48 ENSMMUG00000002942 
297296242 XP_001100633.2 27 kDa LRRC57 ENSMMUG00000001544 
297299681 XP_001096398.2 119 kDa LRRCC1 ENSMMUG00000006370 
109124920 XP_001103201.1 27 kDa LYPD4 ENSMMUG00000013425 
109086409 XP_001083287.1 25 kDa LYPLA1 ENSMMUG00000013157 
297261986 XP_001101565.2 11 kDa LYRM5 ENSMMUG00000032068 
109041271 XP_001115407.1 16 kDa LYZL4 ENSMMUG00000017576 
109114049 XP_001114751.1 17 kDa LYZL6 ENSMMUG00000006850 
109105617 XP_001115435.1 36 kDa MACROD1 ENSMMUG00000000479 
297296935 XP_001102709.2 115 kDa MAN2C1 ENSMMUG00000009279 
297303663 XP_001096840.2 45 kDa MAOA ENSMMUG00000019489 
109100794 XP_001109205.1 202 kDa MAP2 ENSMMUG00000018741 
109089932 XP_001089783.1 31 kDa MARCH5 ENSMMUG00000004816 
297294421 XP_001090160.2 276 kDa MAST2 ENSMMUG00000015371 
297260942 XP_001081975.2 17 kDa MB ENSMMUG00000005034 
297275150 XP_001099626.2 35 kDa MCART6 ENSMMUG00000006733 
109078234 XP_001082972.1 113 kDa MCC ENSMMUG00000013557 
109103109 XP_001084973.1 38 kDa MDH1 ENSMMUG00000006163 
297275312 XP_001099883.2 101 kDa ME2 ENSMMUG00000022001 
109000277 XP_001113772.1 40 kDa MECR ENSMMUG00000015659 
109019333 XP_001085550.1 16 kDa MGST3 ENSMMUG00000015948 
109121756 XP_001092086.1 110 kDa MIB1 ENSMMUG00000010227 
297271661 XP_001117764.2 149 kDa MINK1 ENSMMUG00000002404 
297302073 XP_001089669.2 345 kDa MKI67 ENSMMUG00000002253 
297289472 XP_001107668.2 48 kDa MKRN1 ENSMMUG00000010420 
109084340 XP_001096911.1 164 kDa MLH3 ENSMMUG00000002911 
297269329 XP_001093874.2 436 kDa MLL ENSMMUG00000005482 
297262270 XP_001099471.2 590 kDa MLL2 ENSMMUG00000015718 
297289715 XP_001107669.2 528 kDa MLL3 ENSMMUG00000007212 
109081245 XP_001091177.1 61 kDa MNS1 ENSMMUG00000019485 
297294440 XP_001092626.2 11 kDa MRPS36 ENSMMUG00000006895 
109070968 XP_001116955.1 42 kDa MTCH1 ENSMMUG00000021976 
297267968 XP_002799621.1 30 kDa MTCH2  
297291517 XP_001098522.2 106 kDa MTHFD1L ENSMMUG00000019774 
109100183 XP_001095310.1 30 kDa MTX2 ENSMMUG00000010185 
109071426 XP_001104531.1 83 kDa MUT ENSMMUG00000002458 
297283052 XP_001113156.2 14 kDa MYCBP ENSMMUG00000010135 
297274606 XP_002800836.1 506 kDa MYCBP2 ENSMMUG00000021459 
297271897 XP_001118181.2 232 kDa MYH10 ENSMMUG00000023803 
297283564 XP_001109463.2 226 kDa MYH11 ENSMMUG00000010367 
297260956 XP_001083662.2 216 kDa MYH9 ENSMMUG00000006101 
109033458 XP_001113552.1 203 kDa MYLK ENSMMUG00000014818 
297296468 XP_002804829.1 201 kDa MYO5C ENSMMUG00000007504 
157151735 NP_001098006.1 145 kDa MYO6 ENSMMUG00000005032 
297296805 XP_001089813.2 260 kDa MYO9A ENSMMUG00000019278 
297282513 XP_001113212.2 171 kDa MYOM3 ENSMMUG00000023052 
297299302 XP_001094798.2 213 kDa MYST3 ENSMMUG00000010891 
297301091 XP_002805720.1 212 kDa MYST4 ENSMMUG00000023488 
109094462 XP_001102266.1 70 kDa NAGA ENSMMUG00000000005 
109119241 XP_001113522.1 51 kDa NARF ENSMMUG00000019224 
297268258 XP_001094871.2 255 kDa NAV2 ENSMMUG00000016942 
297272017 XP_002808164.1 265 kDa NCOR1 ENSMMUG00000002523 
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297263830 XP_001102940.2 301 kDa NCOR2 ENSMMUG00000023107 
297265232 XP_001087784.2 49 kDa NDUFA10 ENSMMUG00000010382 
109098237 XP_001106296.1 17 kDa NDUFA12 ENSMMUG00000018897 
297289206 XP_002803497.1 11 kDa NDUFA5 ENSMMUG00000011538 
109110347 XP_001089493.1 20 kDa NDUFA8 ENSMMUG00000011450 
297261596 XP_001118102.2 52 kDa NDUFA9  
109127916 XP_001095226.1 18 kDa NDUFAB1 ENSMMUG00000020522 
297283227 XP_001082191.2 21 kDa NDUFB10 ENSMMUG00000029268 
109130525 XP_001091196.1 19 kDa NDUFB11 ENSMMUG00000017422 
109100553 XP_001094863.1 11 kDa NDUFB3 ENSMMUG00000012225 
109111286 XP_001103422.1 15 kDa NDUFB6 ENSMMUG00000002685 
109123688 XP_001111436.1 16 kDa NDUFB7 ENSMMUG00000021612 
297264772 XP_001105816.2 77 kDa NDUFS1 ENSMMUG00000016788 
109017802 XP_001117968.1 53 kDa NDUFS2 ENSMMUG00000004520 
109106401 XP_001105264.1 30 kDa NDUFS3 ENSMMUG00000004286 
109077212 XP_001096347.1 20 kDa NDUFS4 ENSMMUG00000004861 
109090224 XP_001106653.1 13 kDa NDUFS5 ENSMMUG00000030508 
109080210 XP_001105649.1 14 kDa NDUFS6 ENSMMUG00000004447 
109105179 XP_001104103.1 24 kDa NDUFS8 ENSMMUG00000023189 
109121568 XP_001099724.1 27 kDa NDUFV2 ENSMMUG00000022095 
109092189 XP_001097983.1 50 kDa NFS1 ENSMMUG00000010951 
109076999 XP_001096575.1 316 kDa NIPBL ENSMMUG00000022154 
109110689 XP_001109800.1 28 kDa NIPSNAP3B ENSMMUG00000020607 
109017906 XP_001115539.1 36 kDa NIT1 ENSMMUG00000002009 
297281474 XP_001092727.2 38 kDa NME7 ENSMMUG00000021079 
297294233 XP_002804396.1 63 kDa NNT ENSMMUG00000011734 
109087335 XP_001097136.1 39 kDa NOV ENSMMUG00000005631 
109084311 XP_001094066.1 17 kDa NPC2 ENSMMUG00000006563 
297259473 XP_001086311.2 50 kDa NPEPL1 ENSMMUG00000010006 
297272432 XP_001082709.2 86 kDa NPEPPS ENSMMUG00000005869 
297263119 XP_002798750.1 71 kDa NR2C2 ENSMMUG00000005156 
109102910 XP_001114208.1 164 kDa NRXN1 ENSMMUG00000002905 
297273585 XP_001093693.2 28 kDa NT5C ENSMMUG00000029832 
297265488 XP_002799194.1 67 kDa NT5C1B ENSMMUG00000014083 
109111196 XP_001098004.1 17 kDa NUDT2 ENSMMUG00000020769 
297280110 XP_002801851.1 206 kDa NUP210L ENSMMUG00000014952 
109100292 XP_001102848.1 35 kDa NUP35 ENSMMUG00000004140 
191252787 NP_001122102.1 27 kDa OAZ3 ENSMMUG00000009095 
109074205 XP_001103955.1 28 kDa OCIAD1 ENSMMUG00000014868 
109087124 XP_001100871.1 29 kDa ODF1 ENSMMUG00000002108 
297270121 XP_001111509.2 105 kDa ODF2 ENSMMUG00000005987 
109104807 XP_001082750.1 28 kDa ODF3 ENSMMUG00000011502 
109094696 XP_001116356.1 27 kDa ODF3B  
109081982 XP_001104221.1 31 kDa ODF3L1 ENSMMUG00000029557 
109076275 XP_001091761.1 301 kDa ODZ3 ENSMMUG00000007240 
109066629 XP_001089063.1 116 kDa OGDH ENSMMUG00000002651 
297287183 XP_001087037.2 116 kDa OPA1 ENSMMUG00000009765 
297267203 XP_002799494.1 97 kDa OSBPL5 ENSMMUG00000000513 
109084749 XP_001095170.1 27 kDa OTUB2 ENSMMUG00000007762 
109077090 XP_001087834.1 56 kDa OXCT1 ENSMMUG00000011027 
109052601 XP_001091681.1 49 kDa OXSM ENSMMUG00000014798 
109073222 XP_001100964.1 29 kDa PACRG ENSMMUG00000020412 
297282064 XP_001096631.2 18 kDa PARK7 ENSMMUG00000019671 
109033405 XP_001112655.1 92 kDa PARP9 ENSMMUG00000016381 
289547576 NP_001166112.1 12 kDa PATE3  
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297285620 XP_001088172.2 186 kDa PBRM1 ENSMMUG00000017361 
297268866 XP_002808130.1 184 kDa PCF11 ENSMMUG00000005029 
297298992 XP_001098130.2 228 kDa PCM1 ENSMMUG00000015487 
297273873 XP_001112535.2 41 kDa PCYT2 ENSMMUG00000012889 
297266059 XP_001113273.2 40 kDa PDHA1  
297293054 XP_001097880.2 48 kDa PDHA2 ENSMMUG00000021359 
109037784 XP_001096445.1 39 kDa PDHB ENSMMUG00000015672 
297268116 XP_001109997.2 51 kDa PDHX ENSMMUG00000006448 
109080868 XP_001109061.1 57 kDa PDIA3 ENSMMUG00000001682 
297265430 XP_001095159.2 48 kDa PDIA6 ENSMMUG00000012864 
297303497 XP_002808569.1 44 kDa PDK3 ENSMMUG00000012819 
297299770 XP_002805488.1 64 kDa PDP1 ENSMMUG00000004568 
109129193 XP_001108170.1 99 kDa PDPR ENSMMUG00000023147 
109132743 XP_001087147.1 75 kDa PDZD4 ENSMMUG00000003377 
109096171 XP_001089369.1 117 kDa PDZRN4 ENSMMUG00000002641 
109098926 XP_001084621.1 21 kDa PEBP1 ENSMMUG00000005098 
297280910 XP_002801993.1 54 kDa PFKFB2 ENSMMUG00000022170 
109096377 XP_001096244.1 93 kDa PFKM ENSMMUG00000002045 
297271677 XP_001099416.2 24 kDa PFN1 ENSMMUG00000002772 
109109631 XP_001086728.1 15 kDa PFN3  
109069168 XP_001116220.1 27 kDa PGAM2 ENSMMUG00000002417 
297263921 XP_001083353.2 38 kDa PGAM5 ENSMMUG00000015466 
109131308 XP_001100787.1 45 kDa PGK1 ENSMMUG00000012874 
109071444 XP_001105356.1 45 kDa PGK2 ENSMMUG00000011998 
109114256 XP_001093341.1 30 kDa PHB ENSMMUG00000000156 
297284953 XP_001097875.2 142 kDa PHLDB2 ENSMMUG00000000694 
109114246 XP_001092436.1 30 kDa PHOSPHO1 ENSMMUG00000002436 
297260632 XP_001086542.2 235 kDa PI4KA ENSMMUG00000022167 
297261921 XP_002808021.1 160 kDa PIK3C2G ENSMMUG00000022174 
297260785 XP_001101197.2 32 kDa PITPNB ENSMMUG00000014534 
109088045 XP_001102165.1 117 kDa PITRM1 ENSMMUG00000004938 
109081748 XP_001091427.1 65 kDa PKM2 ENSMMUG00000023454 
297281137 XP_002802045.1 77 kDa PKP1 ENSMMUG00000013506 
109033242 XP_001109981.1 50 kDa PLA1A ENSMMUG00000000902 
109095775 XP_001089478.1 63 kDa PLBD1 ENSMMUG00000003665 
297263602 XP_001104551.2 61 kDa PLBD2 ENSMMUG00000004205 
109095870 XP_001096056.1 75 kDa PLCZ1 ENSMMUG00000022175 
297300244 XP_002805557.1 517 kDa PLEC ENSMMUG00000000388 
109090797 XP_001103307.1 46 kDa PLEKHA1 ENSMMUG00000013040 
297282009 XP_001092760.2 119 kDa PLEKHG5 ENSMMUG00000023678 
112807252 NP_001036540.1 90 kDa PLG ENSMMUG00000016945 
109131979 XP_001103714.1 72 kDa PLS3 ENSMMUG00000006377 
297280884 XP_001110951.2 213 kDa PLXNA2 ENSMMUG00000004563 
297263134 XP_002808034.1 182 kDa PLXND1 ENSMMUG00000012737 
297284359 XP_001102779.2 112 kDa PMFBP1 ENSMMUG00000000680 
297269860 XP_002799969.1 58 kDa PMPCA ENSMMUG00000003098 
109067869 XP_001096331.1 88 kDa PNPLA8 ENSMMUG00000011831 
109131415 XP_001083070.1 68 kDa POF1B ENSMMUG00000013604 
297294555 XP_002804464.1 98 kDa POLK ENSMMUG00000006144 
297285105 XP_001111254.2 299 kDa POLQ ENSMMUG00000007973 
297299835 XP_002805472.1 110 kDa POP1 ENSMMUG00000012935 
297293153 XP_001082969.2 30 kDa PPA2 ENSMMUG00000017004 
109130104 XP_001083653.1 75 kDa PPEF1 ENSMMUG00000005066 
109096003 XP_001103662.1 113 kDa PPFIBP1 ENSMMUG00000021737 
109081474 XP_001106590.1 24 kDa PPIB ENSMMUG00000021123 
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109089181 XP_001090367.1 22 kDa PPIF ENSMMUG00000003189 
109073061 XP_001090689.1 35 kDa PPIL6 ENSMMUG00000007020 
109098734 XP_001108424.1 37 kDa PPP1CC ENSMMUG00000013664 
297288863 XP_002808406.1 154 kDa PPP1R9A ENSMMUG00000008008 
109086079 XP_001084442.1 36 kDa PPP2CB ENSMMUG00000020819 
109125841 XP_001116604.1 65 kDa PPP2R1A ENSMMUG00000021986 
297292255 XP_002804055.1 50 kDa PPP2R2C ENSMMUG00000013416 
297270074 XP_001108890.2 43 kDa PPP2R4 ENSMMUG00000002515 
109085819 XP_001103623.1 58 kDa PPP3CC ENSMMUG00000014442 
297271321 XP_001099210.2 39 kDa PPP6C ENSMMUG00000020549 
297277928 XP_002801454.1 97 kDa PPP6R1 ENSMMUG00000020520 
297269621 XP_002799925.1 127 kDa PRDM10 ENSMMUG00000017555 
109123563 XP_001109216.1 22 kDa PRDX2 ENSMMUG00000005689 
109090690 XP_001097456.1 28 kDa PRDX3 ENSMMUG00000008294 
109019544 XP_001101473.1 25 kDa PRDX6 ENSMMUG00000008776 
297276297 XP_001111571.2 32 kDa PRKACA ENSMMUG00000014132 
297279028 XP_001105459.2 41 kDa PRKACB ENSMMUG00000003457 
297299355 XP_001100610.2 466 kDa PRKDC ENSMMUG00000015347 
109082893 XP_001103964.1 74 kDa PRMT5 ENSMMUG00000001035 
116734864 NP_001070888.1 95 kDa PROM1 ENSMMUG00000008164 
109067265 XP_001105054.1 35 kDa PRPS1L1 ENSMMUG00000009748 
297289519 XP_001088844.2 27 kDa PRSS2 ENSMMUG00000000272 
297283299 XP_001087762.2 44 kDa PRSS21 ENSMMUG00000016183 
297271116 XP_002800206.1 320 kDa PRUNE2 ENSMMUG00000001043 
297268350 XP_001089332.2 30 kDa PSMA1 ENSMMUG00000016446 
109066745 XP_001097325.1 26 kDa PSMA2 ENSMMUG00000022451 
109083755 XP_001091541.1 28 kDa PSMA3 ENSMMUG00000003509 
109013215 XP_001090512.1 26 kDa PSMA5 ENSMMUG00000005813 
109083327 XP_001086524.1 27 kDa PSMA6 ENSMMUG00000016544 
109073355 XP_001084784.1 26 kDa PSMB1 ENSMMUG00000019919 
109001942 XP_001109596.1 23 kDa PSMB2 ENSMMUG00000013090 
109114735 XP_001084269.1 23 kDa PSMB3 ENSMMUG00000012363 
109082916 XP_001105158.1 28 kDa PSMB5 ENSMMUG00000006007 
109112866 XP_001096870.1 25 kDa PSMB6 ENSMMUG00000012999 
109110260 XP_001083368.1 30 kDa PSMB7 ENSMMUG00000007358 
109106421 XP_001106497.1 49 kDa PSMC3 ENSMMUG00000015611 
297273395 XP_002800612.1 47 kDa PSMC5 ENSMMUG00000016769 
297272337 XP_001110049.2 49 kDa PSMD11 ENSMMUG00000018962 
109117036 XP_001116817.1 53 kDa PSMD12 ENSMMUG00000002132 
297267074 XP_001084506.2 29 kDa PSMD13 ENSMMUG00000011511 
109099850 XP_001096177.1 35 kDa PSMD14 ENSMMUG00000011906 
297286246 XP_001093407.2 94 kDa PSMD2 ENSMMUG00000000800 
109114963 XP_001094752.1 61 kDa PSMD3 ENSMMUG00000020382 
109129064 XP_001102147.1 37 kDa PSMD7 ENSMMUG00000011125 
297266007 XP_002808086.1 209 kDa PSME4 ENSMMUG00000008104 
297287945 XP_001111767.2 84 kDa PTCD1 ENSMMUG00000030408 
109088585 XP_001105179.1 105 kDa PTCHD3 ENSMMUG00000020657 
109109689 XP_001091839.1 21 kDa PTGDS ENSMMUG00000021429 
109091639 XP_001098575.1 57 kDa PTGIS ENSMMUG00000021692 
109106403 XP_001105550.1 23 kDa PTPMT1 ENSMMUG00000004286 
297292961 XP_002808460.1 277 kDa PTPN13 ENSMMUG00000003726 
297263051 XP_001085761.2 257 kDa PTPRR ENSMMUG00000011664 
109114551 XP_001109266.1 19 kDa PTRH2 ENSMMUG00000001572 
109102212 XP_001081983.1 16 kDa PTRHD1 ENSMMUG00000009598 
297273693 XP_002800668.1 207 kDa QRICH2 ENSMMUG00000003539 
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109123235 XP_001093925.1 24 kDa RAB11B ENSMMUG00000010225 
109110403 XP_001093688.1 24 kDa RAB14 ENSMMUG00000005595 
109086508 XP_001089894.1 24 kDa RAB2A ENSMMUG00000017038 
297263161 XP_001095709.2 24 kDa RAB7A ENSMMUG00000001798 
109081431 XP_001104910.1 24 kDa RAB8B ENSMMUG00000013460 
109086956 XP_001088870.1 103 kDa RAD54B ENSMMUG00000005659 
297259500 XP_001088020.2 45 kDa RAE1 ENSMMUG00000000252 
109097717 XP_001117189.1 21 kDa RAP1B ENSMMUG00000011442 
297291297 XP_001092575.2 67 kDa RARS2 ENSMMUG00000017039 
297299376 XP_001102539.2 182 kDa RB1CC1 ENSMMUG00000009990 
297286772 XP_001113466.2 61 kDa RBP1 ENSMMUG00000000287 
109122747 XP_001095757.1 21 kDa REEP6 ENSMMUG00000003060 
297300831 XP_002805672.1 123 kDa RET ENSMMUG00000015400 
109087065 XP_001096690.1 147 kDa RGS22 ENSMMUG00000013742 
109130847 XP_001087145.1 44 kDa RIBC1 ENSMMUG00000009295 
297263884 XP_001110445.2 117 kDa RIMBP2 ENSMMUG00000009048 
109082715 XP_001094063.1 18 kDa RNASE13 ENSMMUG00000020750 
109121747 XP_001091266.1 158 kDa ROCK1 ENSMMUG00000004656 
109033544 XP_001114237.1 24 kDa ROPN1B ENSMMUG00000008360 
109076733 XP_001085948.1 22 kDa ROPN1L ENSMMUG00000009761 
109086419 XP_001083644.1 241 kDa RP1 ENSMMUG00000014640 
297263660 XP_001087189.2 34 kDa RPLP0 ENSMMUG00000009157 
109098074 XP_001097494.1 69 kDa RPN1 ENSMMUG00000018321 
109103033 XP_001112274.1 18 kDa RPS27A ENSMMUG00000015563 
109126024 XP_001082895.1 23 kDa RPS9 ENSMMUG00000022552 
109065204 XP_001105425.1 35 kDa RSPH1 ENSMMUG00000018084 
297292000 XP_001092397.2 72 kDa RSPH3 ENSMMUG00000020011 
109071295 XP_001089585.1 19 kDa RSPH9 ENSMMUG00000029639 
297260704 XP_001092527.2 39 kDa RTDR1 ENSMMUG00000001774 
297281770 XP_002808310.1 567 kDa RYR2 ENSMMUG00000001060 
109094500 XP_001106010.1 52 kDa SAMM50 ENSMMUG00000015446 
297268419 XP_002799700.1 207 kDa SBF2 ENSMMUG00000009205 
297277641 XP_002801408.1 143 kDa SCAF1 ENSMMUG00000012938 
297281685 XP_001088347.2 44 kDa SCCPDH ENSMMUG00000022208 
108998301 XP_001088349.1 32 kDa SDHB ENSMMUG00000001614 
109017822 XP_001118052.1 19 kDa SDHC ENSMMUG00000012411 
109102087 XP_001093794.1 17 kDa SDHD ENSMMUG00000030925 
297281570 XP_001105806.2 117 kDa SEC16B ENSMMUG00000020320 
297271814 XP_001110023.2 110 kDa SENP3 ENSMMUG00000006332 
297266744 XP_001084975.2 53 kDa SEPT10 ENSMMUG00000017177 
297265280 XP_001109436.2 45 kDa SEPT2 ENSMMUG00000004736 
297288531 XP_002803371.1 51 kDa SEPT7 ENSMMUG00000006980 
109084717 XP_001099255.1 47 kDa SERPINA1 ENSMMUG00000020426 
113461957 NP_001038198.1 26 kDa SERPINA5 ENSMMUG00000011217 
109100237 XP_001099516.1 79 kDa SESTD1 ENSMMUG00000019690 
297269996 XP_002799993.1 300 kDa SETX ENSMMUG00000018468 
109009569 XP_001109732.1 43 kDa SH3GLB1 ENSMMUG00000013487 
109072458 XP_001086641.1 193 kDa SHPRH ENSMMUG00000011955 
297303887 XP_001083331.2 169 kDa SHROOM4 ENSMMUG00000000378 
109069668 XP_001091987.1 34 kDa SIRT5 ENSMMUG00000008678 
109014361 XP_001109027.1 54 kDa SLC16A1 ENSMMUG00000006171 
109101351 XP_001111853.1 56 kDa SLC16A14 ENSMMUG00000008591 
109097555 XP_001116636.1 52 kDa SLC16A7 ENSMMUG00000014778 
109041738 XP_001087096.1 68 kDa SLC22A14 ENSMMUG00000004842 
297260548 XP_001112697.2 34 kDa SLC25A1 ENSMMUG00000005431 
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109119098 XP_001111824.1 31 kDa SLC25A10 ENSMMUG00000004457 
109112882 XP_001097514.1 34 kDa SLC25A11 ENSMMUG00000002765 
109100057 XP_001085208.1 75 kDa SLC25A12 ENSMMUG00000007310 
297288851 XP_001088340.2 75 kDa SLC25A13 ENSMMUG00000005250 
109120543 XP_001088596.1 33 kDa SLC25A15 ENSMMUG00000022585 
297273603 XP_001094462.2 45 kDa SLC25A19 ENSMMUG00000018031 
109039803 XP_001111751.1 33 kDa SLC25A20 ENSMMUG00000015418 
297267113 XP_002799479.1 35 kDa SLC25A22 ENSMMUG00000007513 
297263324 XP_001083108.2 40 kDa SLC25A3 ENSMMUG00000023036 
109075606 XP_001105150.1 35 kDa SLC25A31 ENSMMUG00000015243 
109076348 XP_001084544.1 33 kDa SLC25A4 ENSMMUG00000015472 
297276555 XP_001115665.2 35 kDa SLC25A42 ENSMMUG00000019669 
297261729 XP_001112821.2 59 kDa SLC2A3 ENSMMUG00000000439 
297282080 XP_001118341.2 50 kDa SLC2A5 ENSMMUG00000016307 
297291293 XP_001089007.2 75 kDa SLC35A1 ENSMMUG00000017028 
109008489 XP_001100446.1 82 kDa SLC44A5 ENSMMUG00000017907 
109090484 XP_001114162.1 143 kDa SLK ENSMMUG00000015324 
274327028 NP_001162134.1 14 kDa SLPI ENSMMUG00000010341 
109100919 XP_001086594.1 105 kDa SMARCAL1 ENSMMUG00000019539 
213021166 NP_001132932.1 14 kDa SMCP ENSMMUG00000017740 
74136167 NP_001027976.1 16 kDa SOD1 ENSMMUG00000001711 
74136169 NP_001027977.1 22 kDa SOD2 ENSMMUG00000005885 
109080936 XP_001111041.1 38 kDa SORD ENSMMUG00000015971 
285026501 NP_001165553.1 17 kDa SPA17 ENSMMUG00000008480 
109071994 XP_001093826.1 32 kDa SPACA1 ENSMMUG00000004947 
109125418 XP_001114051.1 13 kDa SPACA4 ENSMMUG00000022157 
109130570 XP_001096016.1 18 kDa SPACA5 ENSMMUG00000010883 
297279696 XP_002801770.1 248 kDa SPAG17 ENSMMUG00000008519 
109088394 XP_001097347.1 55 kDa SPAG6 ENSMMUG00000000882 
297289223 XP_001086882.2 58 kDa SPAM1 ENSMMUG00000005719 
109074864 XP_001092813.1 61 kDa SPATA18 ENSMMUG00000018943 
109109368 XP_001082362.1 19 kDa SPATA19 ENSMMUG00000001710 
78486574 NP_001030604.1 34 kDa SPATA4 ENSMMUG00000013733 
109004698 XP_001109920.1 55 kDa SPATA6 ENSMMUG00000009282 
109081684 XP_001084797.1 39 kDa SPESP1 ENSMMUG00000014938 
297284687 XP_002802648.1 163 kDa SPG7 ENSMMUG00000029065 
109101335 XP_001111587.1 187 kDa SPHKAP ENSMMUG00000013254 
297270108 XP_002800011.1 286 kDa SPTAN1 ENSMMUG00000009327 
109102941 XP_001114804.1 275 kDa SPTBN1 ENSMMUG00000013541 
109097608 XP_001116844.1 124 kDa SRGAP1 ENSMMUG00000001952 
297285336 XP_001097218.2 132 kDa SRGAP3 ENSMMUG00000020014 
109068491 XP_001084058.1 17 kDa SSBP1 ENSMMUG00000022442 
297264452 XP_001101290.2 138 kDa SSFA2 ENSMMUG00000014277 
297288690 XP_001097326.2 113 kDa STK31 ENSMMUG00000023196 
109110361 XP_001090776.1 32 kDa STOM ENSMMUG00000013024 
109111118 XP_001091007.1 39 kDa STOML2 ENSMMUG00000011864 
109120691 XP_001100026.1 50 kDa SUCLA2 ENSMMUG00000007539 
297266410 XP_001082705.2 40 kDa SUCLG1 ENSMMUG00000000908 
109036827 XP_001089976.1 47 kDa SUCLG2 ENSMMUG00000009693 
109129690 XP_001095228.1 34 kDa SULT1A1 ENSMMUG00000011372 
297260020 XP_001106427.2 43 kDa SUN5 ENSMMUG00000009414 
109130609 XP_001099463.1 48 kDa SUV39H1 ENSMMUG00000019768 
297270401 XP_002800091.1 369 kDa SVEP1 ENSMMUG00000022759 
297300729 XP_001083894.2 258 kDa SVIL ENSMMUG00000001374 
297291504 XP_001100631.2 988 kDa SYNE1 ENSMMUG00000019048 
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297298033 XP_002805134.1 787 kDa SYNE2 ENSMMUG00000001008 
297277504 XP_002801372.1 26 kDa SYNGR4 ENSMMUG00000013070 
297297277 XP_001108469.2 140 kDa SYNM ENSMMUG00000005220 
109067794 XP_001090107.1 29 kDa SYPL1 ENSMMUG00000019593 
109108159 XP_001101947.1 199 kDa SYTL2 ENSMMUG00000012449 
297299593 XP_002805426.1 12 kDa TCEB1 ENSMMUG00000005155 
297261221 XP_001107318.2 212 kDa TCF20 ENSMMUG00000002656 
109073165 XP_001098115.1 60 kDa TCP1 ENSMMUG00000012846 
297290651 XP_002803753.1 56 kDa TCP11 ENSMMUG00000021720 
109071337 XP_001099848.1 56 kDa TCTE1 ENSMMUG00000014386 
109073345 XP_001084185.1 23 kDa TCTE3 ENSMMUG00000015340 
109071403 XP_001103211.1 236 kDa TDRD6 ENSMMUG00000019252 
109112975 XP_001103850.1 48 kDa TEKT1 ENSMMUG00000021519 
109113395 XP_001083370.1 57 kDa TEKT3 ENSMMUG00000002208 
109112369 XP_001105130.1 52 kDa TEKT4 ENSMMUG00000022534 
261824041 NP_001159838.1 25 kDa TEPP ENSMMUG00000022666 
109089744 XP_001097656.1 29 kDa TFAM ENSMMUG00000019829 
109122655 XP_001091136.1 43 kDa THEG ENSMMUG00000028951 
297300653 XP_002805634.1 83 kDa THNSL1 ENSMMUG00000022383 
297275995 XP_001098363.2 53 kDa TIMM44 ENSMMUG00000006542 
297270646 XP_001084941.2 258 kDa TLN1 ENSMMUG00000031856 
297283587 XP_002802463.1 109 kDa TMC5 ENSMMUG00000013329 
297278375 XP_001082694.2 12 kDa TMCO2  
109113660 XP_001103851.1 22 kDa TMEM11 ENSMMUG00000020893 
109126093 XP_001086743.1 19 kDa TMEM190 ENSMMUG00000015900 
297291181 XP_001109918.2 41 kDa TMEM30A ENSMMUG00000019273 
109087408 XP_001101526.1 26 kDa TMEM65 ENSMMUG00000015122 
109039980 XP_001112010.1 18 kDa TMEM89 ENSMMUG00000014706 
297273731 XP_001104782.2 179 kDa TNRC6C ENSMMUG00000011924 
297272081 XP_001095437.2 110 kDa TOP3A ENSMMUG00000013533 
297261683 XP_001110758.2 23 kDa TPI1 ENSMMUG00000005194 
297274770 XP_002800874.1 139 kDa TPP2 ENSMMUG00000007247 
109082713 XP_001093843.1 18 kDa TPPP2 ENSMMUG00000020749 
297283366 XP_001094589.2 77 kDa TRAP1 ENSMMUG00000021868 
109080924 XP_001110899.1 57 kDa TRIM69 ENSMMUG00000020899 
297293821 XP_001089999.2 54 kDa TRIML1 ENSMMUG00000016660 
109035906 XP_001100764.1 51 kDa TRNT1 ENSMMUG00000017983 
109104996 XP_001093334.1 131 kDa TRPM5 ENSMMUG00000004773 
297262819 XP_001116504.2 42 kDa TSFM ENSMMUG00000005893 
297284259 XP_001094769.2 83 kDa TSNAXIP1 ENSMMUG00000007803 
109093258 XP_001104572.1 41 kDa TSSK2 ENSMMUG00000017385 
109083131 XP_001112810.1 38 kDa TSSK4 ENSMMUG00000012496 
297273036 XP_001108266.2 75 kDa TTC25  
297293480 XP_001098329.2 58 kDa TTC29 ENSMMUG00000013816 
109069457 XP_001092923.1 50 kDa TUBB2B ENSMMUG00000023785 
297269780 XP_002799954.1 50 kDa TUBB2C ENSMMUG00000012164 
297261356 XP_002808017.1 191 kDa TUBGCP6 ENSMMUG00000014100 
109066822 XP_001101594.1 67 kDa TXNDC3 ENSMMUG00000010167 
109081715 XP_001088091.1 163 kDa UACA ENSMMUG00000007570 
297303712 XP_001092372.2 118 kDa UBA1 ENSMMUG00000017428 
297263250 XP_001105664.2 17 kDa UBE2N ENSMMUG00000020634 
109087122 XP_001100326.1 309 kDa UBR5 ENSMMUG00000020766 
109079765 XP_001097973.1 26 kDa UBTD2 ENSMMUG00000003151 
297282597 XP_001114555.2 56 kDa UBXN11 ENSMMUG00000000649 
109122976 XP_001102137.1 50 kDa UBXN6 ENSMMUG00000016709 
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109103117 XP_001086132.1 57 kDa UGP2 ENSMMUG00000008770 
297300482 XP_002805601.1 142 kDa UPF2 ENSMMUG00000008241 
109086987 XP_001090937.1 13 kDa UQCRB ENSMMUG00000008804 
92110045 NP_001035208.1 53 kDa UQCRC1 ENSMMUG00000014705 
109127868 XP_001092339.1 48 kDa UQCRC2 ENSMMUG00000018287 
109099174 XP_001101289.1 30 kDa UQCRFS1 ENSMMUG00000023048 
297278617 XP_001107675.2 15 kDa UQCRH ENSMMUG00000030221 
109078566 XP_001105221.1 10 kDa UQCRQ ENSMMUG00000015635 
297280786 XP_002801987.1 564 kDa USH2A ENSMMUG00000022640 
109130539 XP_001093504.1 110 kDa USP11 ENSMMUG00000016608 
109043499 XP_001107760.1 97 kDa USP13 ENSMMUG00000003594 
297278796 XP_001108457.2 295 kDa USP24 ENSMMUG00000005740 
109107296 XP_001098399.1 147 kDa USP47 ENSMMUG00000022860 
297303640 XP_002806244.1 290 kDa USP9Y ENSMMUG00000013753 
297291585 XP_002808443.1 395 kDa UTRN ENSMMUG00000019438 
108996368 XP_001095950.1 11 kDa VAMP3 ENSMMUG00000018559 
109077850 XP_001112269.1 373 kDa VCAN ENSMMUG00000011513 
297299319 XP_002805369.1 17 kDa VDAC3 ENSMMUG00000020185 
109088355 XP_001093658.1 53 kDa VIM ENSMMUG00000003193 
297282220 XP_002802233.1 504 kDa VPS13D ENSMMUG00000021449 
109125634 XP_001115913.1 54 kDa VRK3 ENSMMUG00000010837 
109014635 XP_001113563.1 40 kDa WARS2 ENSMMUG00000009260 
297271909 XP_001118238.2 68 kDa WDR16 ENSMMUG00000009399 
297263740 XP_002798853.1 133 kDa WDR66 ENSMMUG00000012649 
297279546 XP_001105103.2 36 kDa WDR77 ENSMMUG00000003311 
109091790 XP_001107439.1 27 kDa WFDC8 ENSMMUG00000003805 
297265744 XP_002808080.1 143 kDa XDH ENSMMUG00000000561 
297299021 XP_002805333.1 121 kDa XPO7 ENSMMUG00000002032 
297298274 XP_001088562.2 234 kDa YLPM1 ENSMMUG00000004255 
297294858 XP_002804526.1 161 kDa YTHDC2 ENSMMUG00000001376 
297259739 XP_001109676.2 28 kDa YWHAB ENSMMUG00000013206 
109075480 XP_001097635.1 28 kDa YWHAQ ENSMMUG00000000721 
297288028 XP_002803270.1 281 kDa ZAN ENSMMUG00000022840 
109120663 XP_001097211.1 200 kDa ZC3H13 ENSMMUG00000017025 
297300217 XP_001097060.2 101 kDa ZC3H3 ENSMMUG00000019255 
297264780 XP_001097564.2 252 kDa ZDBF2 ENSMMUG00000031276 
109084230 XP_001084952.1 87 kDa ZFYVE1 ENSMMUG00000005140 
109003259 XP_001086575.1 42 kDa ZMYND12 ENSMMUG00000001034 
109125460 XP_001111531.1 51 kDa ZNF114 ENSMMUG00000005123 
297278101 XP_002801480.1 61 kDa ZNF329 ENSMMUG00000020504 
297284646 XP_001098268.2 414 kDa ZNF469 ENSMMUG00000012656 
109125869 XP_001116645.1 75 kDa ZNF528 ENSMMUG00000009592 
297277956 XP_001088285.2 280 kDa ZNF579 ENSMMUG00000016614 
109091643 XP_001098884.1 220 kDa ZNFX1 ENSMMUG00000023623 
109066570 XP_001082779.1 40 kDa ZPBP ENSMMUG00000013690 
















Mouse Ensembl Gene 
ID 
ENSMMUG00000006338 ACAD9 ENSG00000177646 ENSMUSG00000027710 
ENSMMUG00000004161 ACAT1 ENSG00000075239 ENSMUSG00000032047 
ENSMMUG00000012608 ACE ENSG00000159640 ENSMUSG00000020681 
ENSMMUG00000001454 ACO2 ENSG00000100412 ENSMUSG00000022477 
ENSMMUG00000005592 ACR ENSG00000100312 ENSMUSG00000022622 
ENSMMUG00000016983 ACRBP ENSG00000111644 ENSMUSG00000072770 
ENSMMUG00000018937 ACSBG2 ENSG00000130377 ENSMUSG00000024207 
ENSMMUG00000012177 ACSL1 ENSG00000151726 ENSMUSG00000018796 
ENSMMUG00000019355 ACTL7A ENSG00000187003 ENSMUSG00000070979 
ENSMMUG00000012334 ACTRT2 ENSG00000169717 ENSMUSG00000051276 
ENSMMUG00000021874 ACTRT3 ENSG00000184378 ENSMUSG00000037737 
ENSMMUG00000005138 AHCY ENSG00000101444 ENSMUSG00000027597 
ENSMMUG00000013998 AK1 ENSG00000106992 ENSMUSG00000026817 
ENSMMUG00000020812 AKAP3 ENSG00000111254 ENSMUSG00000030344 
ENSMMUG00000023060 AKAP4 ENSG00000147081 ENSMUSG00000050089 
ENSMMUG00000000917 AKR1B1 ENSG00000085662 ENSMUSG00000001642 
ENSMMUG00000003827 ALB ENSG00000163631 ENSMUSG00000029368 
ENSMMUG00000000983 ALDOA ENSG00000149925 ENSMUSG00000030695 
ENSMMUG00000002819 ALMS1 ENSG00000116127 ENSMUSG00000063810 
ENSMMUG00000009194 ANXA5 ENSG00000164111 ENSMUSG00000027712 
ENSMMUG00000002623 APOA1BP ENSG00000163382 ENSMUSG00000028070 
ENSMMUG00000016361 APOO ENSG00000184831 ENSMUSG00000079508 
ENSMMUG00000015642 ARF6 ENSG00000165527 ENSMUSG00000044147 
ENSMMUG00000032201 ARMC12 ENSG00000157343 ENSMUSG00000024223 
ENSMMUG00000013831 ASRGL1 ENSG00000162174 ENSMUSG00000024654 
ENSMMUG00000017836 ATP1A4 ENSG00000132681 ENSMUSG00000007107 
ENSMMUG00000012256 ATP1B3 ENSG00000069849 ENSMUSG00000032412 
ENSMMUG00000021116 ATP2B4 ENSG00000058668 ENSMUSG00000026463 
ENSMMUG00000003570 ATP5A1 ENSG00000152234 ENSMUSG00000025428 
ENSMMUG00000030356 ATP5B ENSG00000110955 ENSMUSG00000025393 
ENSMMUG00000009207 ATP5C1 ENSG00000165629 ENSMUSG00000025781 
ENSMMUG00000003313 ATP5F1 ENSG00000116459 ENSMUSG00000000563 
ENSMMUG00000011647 ATP5H ENSG00000167863 ENSMUSG00000034566 
ENSMMUG00000017604 ATP5L ENSG00000167283 ENSMUSG00000038717 
ENSMMUG00000015504 ATP5O ENSG00000241837 ENSMUSG00000022956 
ENSMMUG00000018740 BSG ENSG00000172270 ENSMUSG00000023175 
ENSMMUG00000020771 C15H9orf24 ENSG00000164972 ENSMUSG00000028441 
ENSMMUG00000006592 C1QBP ENSG00000108561 ENSMUSG00000018446 
ENSMMUG00000005272 C3H21orf33 ENSG00000160221 ENSMUSG00000053329 
ENSMMUG00000010985 C9orf11 ENSG00000120160 ENSMUSG00000028575 
ENSMMUG00000014891 CA2 ENSG00000104267 ENSMUSG00000027562 
ENSMMUG00000007917 CA4 ENSG00000167434 ENSMUSG00000000805 
ENSMMUG00000004346 CABYR ENSG00000154040 ENSMUSG00000024430 
ENSMMUG00000008300 CAND1 ENSG00000111530 ENSMUSG00000020114 
ENSMMUG00000012370 CANX ENSG00000127022 ENSMUSG00000020368 
ENSMMUG00000020565 CBR1 ENSG00000159228 ENSMUSG00000051483 
ENSMMUG00000011342 CCDC19 ENSG00000213085 ENSMUSG00000026546 
ENSMMUG00000010820 CCT2 ENSG00000166226 ENSMUSG00000034024 
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ENSMMUG00000013973 CCT4 ENSG00000115484 ENSMUSG00000007739 
ENSMMUG00000020112 CCT5 ENSG00000150753 ENSMUSG00000022234 
ENSMMUG00000015272 CCT6A ENSG00000146731 ENSMUSG00000029447 
ENSMMUG00000003023 CCT8 ENSG00000156261 ENSMUSG00000025613 
ENSMMUG00000031124 CECR5 ENSG00000069998 ENSMUSG00000058979 
ENSMMUG00000019089 CENPE ENSG00000138778 ENSMUSG00000045328 
ENSMMUG00000009829 CEP152 ENSG00000103995 ENSMUSG00000068394 
ENSMMUG00000019823 CISD1 ENSG00000122873 ENSMUSG00000037710 
ENSMMUG00000010509 CLTC ENSG00000141367 ENSMUSG00000047126 
ENSMMUG00000021516 CLU ENSG00000120885 ENSMUSG00000022037 
ENSMMUG00000006763 COX4I1 ENSG00000131143 ENSMUSG00000031818 
ENSMMUG00000011677 COX5A ENSG00000178741 ENSMUSG00000000088 
ENSMMUG00000007606 CPT2 ENSG00000157184 ENSMUSG00000028607 
ENSMMUG00000022259 CUL3 ENSG00000036257 ENSMUSG00000004364 
ENSMMUG00000023763 CUTC ENSG00000119929 ENSMUSG00000025193 
ENSMMUG00000007149 CYC1 ENSG00000179091 ENSMUSG00000022551 
ENSMMUG00000015205 CYLC2 ENSG00000155833 ENSMUSG00000039555 
ENSMMUG00000002692 DAK ENSG00000149476 ENSMUSG00000034371 
ENSMMUG00000006564 DLD ENSG00000091140 ENSMUSG00000020664 
ENSMMUG00000004260 DLST ENSG00000119689 ENSMUSG00000004789 
ENSMMUG00000011026 DNAH5 ENSG00000039139 ENSMUSG00000022262 
ENSMMUG00000023381 DNAH8 ENSG00000124721 ENSMUSG00000033826 
ENSMMUG00000014204 DNAJA4 ENSG00000140403 ENSMUSG00000032285 
ENSMMUG00000023638 DNAJB13 ENSG00000187726 ENSMUSG00000030708 
ENSMMUG00000017929 DNPEP ENSG00000123992 ENSMUSG00000026209 
ENSMMUG00000029101 DPEP3 ENSG00000141096 ENSMUSG00000031898 
ENSMMUG00000000943 ERLIN2 ENSG00000147475 ENSMUSG00000031483 
ENSMMUG00000011045 ETFA ENSG00000140374 ENSMUSG00000032314 
ENSMMUG00000012859 FAHD2B ENSG00000144199 ENSMUSG00000027371 
ENSMMUG00000012162 FAM166A ENSG00000188163 ENSMUSG00000026969 
ENSMMUG00000010994 FAM71B ENSG00000170613 ENSMUSG00000020401 
ENSMMUG00000005667 FH ENSG00000091483 ENSMUSG00000026526 
ENSMMUG00000018000 FTMT ENSG00000181867 ENSMUSG00000024510 
ENSMMUG00000000837 GAPDHS ENSG00000105679 ENSMUSG00000061099 
ENSMMUG00000013182 GDI2 ENSG00000057608 ENSMUSG00000021218 
ENSMMUG00000019624 GLB1L ENSG00000163521 ENSMUSG00000026200 
ENSMMUG00000005880 GPI ENSG00000105220 ENSMUSG00000036427 
ENSMMUG00000008029 GSTM3 ENSG00000134202 ENSMUSG00000004032 
ENSMMUG00000015337 GSTO2 ENSG00000065621 ENSMUSG00000025069 
ENSMMUG00000004380 HADHA ENSG00000084754 ENSMUSG00000025745 
ENSMMUG00000004381 HADHB ENSG00000138029 ENSMUSG00000059447 
ENSMMUG00000032607 HBA2 ENSG00000188536 ENSMUSG00000069917 
ENSMMUG00000023134 HIBADH ENSG00000106049 ENSMUSG00000029776 
ENSMMUG00000007283 HIBCH ENSG00000198130 ENSMUSG00000041426 
ENSMMUG00000031475 HIST1H2BA ENSG00000146047 ENSMUSG00000050799 
ENSMMUG00000015302 HK1 ENSG00000156515 ENSMUSG00000037012 
ENSMMUG00000009901 HMOX2 ENSG00000103415 ENSMUSG00000004070 
ENSMMUG00000009296 HSD17B10 ENSG00000072506 ENSMUSG00000025260 
ENSMMUG00000015245 HSPA4L ENSG00000164070 ENSMUSG00000025757 
ENSMMUG00000005217 HSPA5 ENSG00000044574 ENSMUSG00000026864 
ENSMMUG00000004696 HSPA8 ENSG00000109971 ENSMUSG00000015656 
ENSMMUG00000005875 HSPA9 ENSG00000113013 ENSMUSG00000024359 
ENSMMUG00000011838 IDH3A ENSG00000166411 ENSMUSG00000032279 
ENSMMUG00000021328 IDH3B ENSG00000101365 ENSMUSG00000027406 
ENSMMUG00000002628 IMPA1 ENSG00000133731 ENSMUSG00000027531 
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ENSMMUG00000012704 ISOC2 ENSG00000063241 ENSMUSG00000086784 
ENSMMUG00000005961 KLHL10 ENSG00000161594 ENSMUSG00000001558 
ENSMMUG00000016962 KRT1 ENSG00000167768 ENSMUSG00000046834 
ENSMMUG00000001500 KRT10 ENSG00000186395 ENSMUSG00000019761 
ENSMMUG00000002305 KRT2 ENSG00000172867 ENSMUSG00000064201 
ENSMMUG00000005732 LAP3 ENSG00000002549 ENSMUSG00000039682 
ENSMMUG00000014615 LDHC ENSG00000166796 ENSMUSG00000030851 
ENSMMUG00000019948 LETM1 ENSG00000168924 ENSMUSG00000005299 
ENSMMUG00000005928 LOC698552 ENSG00000143933 ENSMUSG00000036438 
ENSMMUG00000002483 LOC709604 ENSG00000062485 ENSMUSG00000005683 
ENSMMUG00000016960 LOC713847 ENSG00000100764 ENSMUSG00000021178 
ENSMMUG00000030331 LOC719914 ENSG00000154611 ENSMUSG00000036743 
ENSMMUG00000013157 LYPLA1 ENSG00000120992 ENSMUSG00000025903 
ENSMMUG00000009917 MDH2 ENSG00000146701 ENSMUSG00000019179 
ENSMMUG00000022001 ME2 ENSG00000082212 ENSMUSG00000024556 
ENSMMUG00000004392 MMU.4315 ENSG00000179218 ENSMUSG00000003814 
ENSMMUG00000016788 NDUFS1 ENSG00000023228 ENSMUSG00000025968 
ENSMMUG00000022095 NDUFV2 ENSG00000178127 ENSMUSG00000024099 
ENSMMUG00000010951 NFS1 ENSG00000244005 ENSMUSG00000027618 
ENSMMUG00000011538 NUDUFA5 ENSG00000128609 ENSMUSG00000023089 
ENSMMUG00000014952 NUP210L ENSG00000143552 ENSMUSG00000027939 
ENSMMUG00000005987 ODF2 ENSG00000136811 ENSMUSG00000026790 
ENSMMUG00000002651 OGDH ENSG00000105953 ENSMUSG00000020456 
ENSMMUG00000020412 PACRG ENSG00000112530 ENSMUSG00000037196 
ENSMMUG00000019671 PARK7 ENSG00000116288 ENSMUSG00000028964 
ENSMMUG00000015672 PDHB ENSG00000168291 ENSMUSG00000021748 
ENSMMUG00000006448 PDHX ENSG00000110435 ENSMUSG00000010914 
ENSMMUG00000001682 PDIA3 ENSG00000167004 ENSMUSG00000027248 
ENSMMUG00000012864 PDIA6 ENSG00000143870 ENSMUSG00000020571 
ENSMMUG00000004935 PFKP ENSG00000067057 ENSMUSG00000021196 
ENSMMUG00000002417 PGAM2 ENSG00000164708 ENSMUSG00000020475 
ENSMMUG00000011998 PGK2 ENSG00000170950 ENSMUSG00000031233 
ENSMMUG00000013664 PPP1CC ENSG00000186298 ENSMUSG00000004455 
ENSMMUG00000016209 PPP1R7 ENSG00000115685 ENSMUSG00000026275 
ENSMMUG00000021986 PPP2R1A ENSG00000105568 ENSMUSG00000007564 
ENSMMUG00000013397 PRDX5 ENSG00000126432 ENSMUSG00000024953 
ENSMMUG00000008776 PRDX6 ENSG00000117592 ENSMUSG00000026701 
ENSMMUG00000014132 PRKACA ENSG00000072062 ENSMUSG00000005469 
ENSMMUG00000002194 PRKAR1A ENSG00000108946 ENSMUSG00000020612 
ENSMMUG00000000081 PRKAR2A ENSG00000114302 ENSMUSG00000032601 
ENSMMUG00000016446 PSMA1 ENSG00000129084 ENSMUSG00000030751 
ENSMMUG00000022451 PSMA2 ENSG00000256646 ENSMUSG00000015671 
ENSMMUG00000003509 PSMA3 ENSG00000100567 ENSMUSG00000060073 
ENSMMUG00000019919 PSMB1 ENSG00000008018 ENSMUSG00000014769 
ENSMMUG00000013090 PSMB2 ENSG00000126067 ENSMUSG00000028837 
ENSMMUG00000020924 PSMB4 ENSG00000159377 ENSMUSG00000005779 
ENSMMUG00000012999 PSMB6 ENSG00000142507 ENSMUSG00000018286 
ENSMMUG00000007358 PSMB7 ENSG00000136930 ENSMUSG00000026750 
ENSMMUG00000016769 PSMC5 ENSG00000087191 ENSMUSG00000020708 
ENSMMUG00000011769 PSMD1 ENSG00000173692 ENSMUSG00000026229 
ENSMMUG00000018962 PSMD11 ENSG00000108671 ENSMUSG00000017428 
ENSMMUG00000011511 PSMD13 ENSG00000185627 ENSMUSG00000025487 
ENSMMUG00000011906 PSMD14 ENSG00000115233 ENSMUSG00000026914 
ENSMMUG00000000800 PSMD2 ENSG00000175166 ENSMUSG00000006998 
ENSMMUG00000020382 PSMD3 ENSG00000108344 ENSMUSG00000017221 
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ENSMMUG00000011125 PSMD7 ENSG00000103035 ENSMUSG00000039067 
ENSMMUG00000004286 PTPMT1 ENSG00000213619 ENSMUSG00000005510 
ENSMMUG00000010225 RAB11B ENSG00000185236 ENSMUSG00000077450 
ENSMMUG00000005595 RAB14 ENSG00000119396 ENSMUSG00000026878 
ENSMMUG00000017038 RAB2A ENSG00000104388 ENSMUSG00000047187 
ENSMMUG00000000252 RAE1 ENSG00000101146 ENSMUSG00000027509 
ENSMMUG00000008360 ROPN1B ENSG00000065371 ENSMUSG00000022832 
ENSMMUG00000009761 ROPN1L ENSG00000145491 ENSMUSG00000022236 
ENSMMUG00000018321 RPN1 ENSG00000163902 ENSMUSG00000030062 
ENSMMUG00000018084 RSPH1 ENSG00000160188 ENSMUSG00000024033 
ENSMMUG00000022208 SCCPDH ENSG00000143653 ENSMUSG00000038936 
ENSMMUG00000001614 SDHB ENSG00000117118 ENSMUSG00000009863 
ENSMMUG00000004457 SLC25A10 ENSG00000183048 ENSMUSG00000025792 
ENSMMUG00000023036 SLC25A3 ENSG00000075415 ENSMUSG00000061904 
ENSMMUG00000015243 SLC25A31 ENSG00000151475 ENSMUSG00000069041 
ENSMMUG00000000439 SLC2A3 ENSG00000059804 ENSMUSG00000003153 
ENSMMUG00000016307 SLC2A5 ENSG00000142583 ENSMUSG00000028976 
ENSMMUG00000001711 SOD1 ENSG00000142168 ENSMUSG00000022982 
ENSMMUG00000005885 SOD2 ENSG00000112096 ENSMUSG00000006818 
ENSMMUG00000008480 SPA17 ENSG00000064199 ENSMUSG00000001948 
ENSMMUG00000004947 SPACA1 ENSG00000118434 ENSMUSG00000028264 
ENSMMUG00000011411 SPACA3 ENSG00000141316 ENSMUSG00000053184 
ENSMMUG00000010883 SPACA5 ENSG00000171489 ENSMUSG00000037167 
ENSMMUG00000008519 SPAG17 ENSG00000155761 ENSMUSG00000027867 
ENSMMUG00000005719 SPAM1 ENSG00000106304 ENSMUSG00000029682 
ENSMMUG00000018943 SPATA18 ENSG00000163071 ENSMUSG00000029155 
ENSMMUG00000014938 SPESP1 ENSG00000258484 ENSMUSG00000046846 
ENSMMUG00000007539 SUCLA2 ENSG00000136143 ENSMUSG00000022110 
ENSMMUG00000012846 TCP1 ENSG00000120438 ENSMUSG00000068039 
ENSMMUG00000021519 TEKT1 ENSG00000167858 ENSMUSG00000020799 
ENSMMUG00000012028 TEKT2 ENSG00000092850 ENSMUSG00000028845 
ENSMMUG00000002208 TEKT3 ENSG00000125409 ENSMUSG00000042189 
ENSMMUG00000022534 TEKT4 ENSG00000163060 ENSMUSG00000024175 
ENSMMUG00000019726 TEKT5 ENSG00000153060 ENSMUSG00000039179 
ENSMMUG00000003568 TEX101 ENSG00000131126 ENSMUSG00000062773 
ENSMMUG00000015900 TMEM190 ENSG00000160472 ENSMUSG00000013091 
ENSMMUG00000007247 TPP2 ENSG00000134900 ENSMUSG00000041763 
ENSMMUG00000023469 TRA1 ENSG00000166598 ENSMUSG00000020048 
ENSMMUG00000006668 TUBA3C ENSG00000198033 ENSMUSG00000067338 
ENSMMUG00000003560 UCHL3 ENSG00000118939 ENSMUSG00000022111 
ENSMMUG00000008804 UQCRB ENSG00000156467 ENSMUSG00000021520 
ENSMMUG00000014705 UQCRC1 ENSG00000010256 ENSMUSG00000025651 
ENSMMUG00000018287 UQCRC2 ENSG00000140740 ENSMUSG00000030884 
ENSMMUG00000023048 UQCRFS1 ENSG00000169021 ENSMUSG00000038462 
ENSMMUG00000018559 VAMP3 ENSG00000049245 ENSMUSG00000028955 
ENSMMUG00000008691 VDAC2 ENSG00000165637 ENSMUSG00000021771 
ENSMMUG00000003193 VIM ENSG00000026025 ENSMUSG00000026728 
ENSMMUG00000002032 XPO7 ENSG00000130227 ENSMUSG00000022100 
ENSMMUG00000013206 YWHAB ENSG00000166913 ENSMUSG00000018326 
ENSMMUG00000013690 ZPBP ENSG00000042813 ENSMUSG00000020193 
ENSMMUG00000001027  ENSG00000110955 ENSMUSG00000025393 
227 
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228 
Supplemental Table 2.1.  Mouse Epididymal Sperm Proteome 
CAPUT SPERM PROTEOME 
GI REFSEQ MW GENE NAME ENSEMBL GENE ID 
13384686 NP_079595 16 kDa 0610009B22Rik ENSMUSG00000007777 
294345426 NP_001170873 9 kDa 1110001A16Rik ENSMUSG00000062691 
134053922 NP_899098 42 kDa 1110002N22Rik ENSMUSG00000046909 
114520613 NP_001041470 30 kDa 1110017D15Rik ENSMUSG00000028441 
146134519 NP_001035485 48 kDa 1110020G09Rik ENSMUSG00000022253 
268370114 NP_001161239 27 kDa 1110057K04Rik ENSMUSG00000037669 
226958579 NP_082182 213 kDa 1300010F03Rik ENSMUSG00000058997 
81295807 NP_082181 74 kDa 1300018J18Rik ENSMUSG00000035757 
76559944 NP_081170 38 kDa 1500001M20Rik ENSMUSG00000030316 
21729773 NP_083561 23 kDa 1700001C02Rik ENSMUSG00000029182 
254588081 NP_081340 14 kDa 1700024P04Rik ENSMUSG00000045022 
58037189 NP_081559 19 kDa 1700026L06Rik ENSMUSG00000026809 
262359961 NP_001160177 32 kDa 1700101E01Rik ENSMUSG00000079502 
116008181 NP_001070149 9 kDa 1810012P15Rik ENSMUSG00000072640 
110625730 NP_081258 12 kDa 1810027O10Rik ENSMUSG00000070394 
21313668 NP_082253 46 kDa 2310001A20Rik ENSMUSG00000033096 
258679542 NP_079897 29 kDa 2310050C09Rik ENSMUSG00000090314 
242332593 NP_079881 18 kDa 2400001E08Rik ENSMUSG00000030842 
254939620 NP_083629 26 kDa 2410003K15Rik ENSMUSG00000029815 
134053873 NP_898911 84 kDa 2410018M08Rik ENSMUSG00000034173 
158937256 NP_082887 48 kDa 2410091C18Rik ENSMUSG00000024082 
225543561 NP_084117 69 kDa 2510039O18Rik ENSMUSG00000044496 
143770878 NP_001035486 22 kDa 2810407C02Rik ENSMUSG00000075700 
222418599 NP_001138464 30 kDa 2810459M11Rik ENSMUSG00000026227 
13385560 NP_080339 16 kDa 2900010M23Rik ENSMUSG00000024208 
19526956 NP_598510 26 kDa 2900064A13Rik ENSMUSG00000055943 
269914154 NP_808385 58 kDa 4732456N10Rik ENSMUSG00000048699 
13385842 NP_080614 131 kDa 4921517D21Rik ENSMUSG00000066368 
225543444 NP_077235 32 kDa 4930455C21Rik ENSMUSG00000002846 
254826802 NP_080566 39 kDa 4930511I11Rik ENSMUSG00000024223 
309262242 XP_003085774 194 kDa 4932415D10Rik ENSMUSG00000044581 
24418876 NP_722489 32 kDa 4933403F05Rik ENSMUSG00000038121 
21312800 NP_080638 17 kDa 5033414D02Rik ENSMUSG00000016495 
27229101 NP_081740 24 kDa 5730469M10Rik ENSMUSG00000021792 
139947660 NP_938038 79 kDa 9130011E15Rik ENSMUSG00000039901 
58037501 NP_084236 15 kDa 9230104L09Rik ENSMUSG00000027446 
263350066 NP_001094912 11 kDa 9230113P08Rik ENSMUSG00000078934 
110625972 NP_766294 114 kDa 9330182L06Rik ENSMUSG00000056004 
145587094 NP_001074650 33 kDa 9430016H08Rik ENSMUSG00000025971 
30424663 NP_776146 38 kDa A230051G13Rik ENSMUSG00000049287 
51921341 NP_001004174 10 kDa AA467197 ENSMUSG00000033213 
31980703 NP_038958 103 kDa Aass ENSMUSG00000029695 
37202121 NP_766549 56 kDa Abat ENSMUSG00000057880 
110225379 NP_031405 271 kDa Abca2 ENSMUSG00000026944 
9506367 NP_062425 77 kDa Abcb10 ENSMUSG00000031974 
169234938 NP_033722 83 kDa Abcb7 ENSMUSG00000031333 
27753995 NP_083296 78 kDa Abcb8 ENSMUSG00000028973 
60218877 NP_033017 75 kDa Abcd3 ENSMUSG00000028127 
269784760 NP_766099 33 kDa Abhd10 ENSMUSG00000033157 
21644577 NP_660250 34 kDa Abhd11 ENSMUSG00000040532 
159110817 NP_077785 45 kDa Abhd12 ENSMUSG00000032046 
229 
124487441 NP_001074588 39 kDa Abhd13 ENSMUSG00000040396 
171460960 NP_083907 22 kDa Abhd14b ENSMUSG00000042073 
30519896 NP_848707 63 kDa Abhd16a ENSMUSG00000007036 
40254377 NP_061281 48 kDa Abhd2 ENSMUSG00000039202 
149273202 XP_001476757 36 kDa AC147142.1 ENSMUSG00000078142 
18700004 NP_570934 44 kDa Acaa1a ENSMUSG00000036138 
29126205 NP_803421 42 kDa Acaa2 ENSMUSG00000036880 
156255157 NP_082313 119 kDa Acad10 ENSMUSG00000029456 
74271799 NP_780533 87 kDa Acad11 ENSMUSG00000090150 
257467675 NP_848914 61 kDa Acad12 ENSMUSG00000042647 
118403322 NP_080138 45 kDa Acad8 ENSMUSG00000031969 
100817933 NP_766266 69 kDa Acad9 ENSMUSG00000027710 
31982520 NP_031407 48 kDa Acadl ENSMUSG00000026003 
6680618 NP_031408 46 kDa Acadm ENSMUSG00000062908 
31982522 NP_031409 45 kDa Acads ENSMUSG00000029545 
17647119 NP_080102 48 kDa Acadsb ENSMUSG00000030861 
23956084 NP_059062 71 kDa Acadvl ENSMUSG00000018574 
21450129 NP_659033 45 kDa Acat1 ENSMUSG00000032047 
229608928 NP_573488 60 kDa Acbd3 ENSMUSG00000026499 
46559389 NP_997507 151 kDa Ace ENSMUSG00000020681 
29293809 NP_598798 120 kDa Acly ENSMUSG00000020917 
18079339 NP_542364 85 kDa Aco2 ENSMUSG00000022477 
13385260 NP_080066 15 kDa Acot13 ENSMUSG00000006717 
238624114 NP_598949 50 kDa Acot2 ENSMUSG00000021226 
254587964 NP_573503 36 kDa Acot8 ENSMUSG00000017307 
31980998 NP_062710 51 kDa Acot9 ENSMUSG00000025287 
66793429 NP_056544 75 kDa Acox1 ENSMUSG00000020777 
34328334 NP_109646 78 kDa Acox3 ENSMUSG00000029098 
7304853 NP_038483 49 kDa Acr ENSMUSG00000022622 
24418933 NP_722502 68 kDa Acsf2 ENSMUSG00000076435 
113199775 NP_659181 65 kDa Acsf3 ENSMUSG00000015016 
31560705 NP_032007 78 kDa Acsl1 ENSMUSG00000018796 
46518528 NP_997508 79 kDa Acsl4 ENSMUSG00000031278 
58218988 NP_082252 76 kDa Acsl5 ENSMUSG00000024981 
18034773 NP_542142 75 kDa Acss1 ENSMUSG00000027452 
218563743 NP_001136276 75 kDa Acss3 ENSMUSG00000035948 
6671509 NP_031419 42 kDa Actb ENSMUSG00000029580 
14192922 NP_033738 42 kDa Actc1 ENSMUSG00000068614 
6752956 NP_033741 49 kDa Actl7a ENSMUSG00000070979 
11230802 NP_068695 105 kDa Actn4 ENSMUSG00000054808 
150378458 NP_031425 84 kDa Adam10 ENSMUSG00000054693 
114326442 NP_001041640 86 kDa Adam28 ENSMUSG00000014725 
110347491 NP_031428 89 kDa Adam7 ENSMUSG00000022056 
254028217 NP_001156762 72 kDa Adck3 ENSMUSG00000026489 
124244100 NP_598531 59 kDa Adck4 ENSMUSG00000003762 
30424876 NP_780445 50 kDa Adhfe1 ENSMUSG00000025911 
225703118 NP_001005419 28 kDa Ado ENSMUSG00000057134 
110625761 NP_081406 90 kDa Afg3l2 ENSMUSG00000024527 
54292135 NP_001005847 37 kDa Aga ENSMUSG00000031521 
37537518 NP_076027 47 kDa Agk ENSMUSG00000029916 
254281341 NP_001156851 32 kDa Agpat1 ENSMUSG00000034254 
23956162 NP_080488 31 kDa Agpat2 ENSMUSG00000026922 
27229278 NP_443747 43 kDa Agpat3 ENSMUSG00000001211 
27229077 NP_081068 42 kDa Agpat5 ENSMUSG00000031467 
295444834 NP_766254 74 kDa Agps ENSMUSG00000042410 
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6753010 NP_035913 20 kDa Agr2 ENSMUSG00000020581 
6755004 NP_036149 67 kDa Aifm1 ENSMUSG00000036932 
10946936 NP_067490 23 kDa Ak1 ENSMUSG00000026817 
149263924 XP_484225 14 kDa AK157302 ENSMUSG00000078139 
34328230 NP_058591 26 kDa Ak2 ENSMUSG00000028792 
23956104 NP_067274 25 kDa Ak3 ENSMUSG00000024782 
294862280 NP_001171073 25 kDa Ak4 ENSMUSG00000028527 
254675166 NP_084463 83 kDa Ak7 ENSMUSG00000041323 
160358791 NP_033780 96 kDa Akap3 ENSMUSG00000030344 
110347481 NP_033781 94 kDa Akap4 ENSMUSG00000050089 
10946870 NP_067448 37 kDa Akr1a1 ENSMUSG00000028692 
240120054 NP_079613 41 kDa Akr7a5 ENSMUSG00000028743 
34328485 NP_032551 36 kDa Alad ENSMUSG00000028393 
163310765 NP_033784 69 kDa Alb ENSMUSG00000029368 
31791059 NP_033785 65 kDa Alcam ENSMUSG00000022636 
255958292 NP_062672 87 kDa Aldh18a1 ENSMUSG00000025007 
85861182 NP_038495 54 kDa Aldh1a1 ENSMUSG00000053279 
6753036 NP_033786 57 kDa Aldh2 ENSMUSG00000029455 
75677435 NP_031463 54 kDa Aldh3a2 ENSMUSG00000010025 
294460012 NP_001170909 53 kDa Aldh3b2 ENSMUSG00000075296 
225543103 NP_780647 62 kDa Aldh4a1 ENSMUSG00000028737 
27369748 NP_766120 56 kDa Aldh5a1 ENSMUSG00000035936 
19527258 NP_598803 58 kDa Aldh6a1 ENSMUSG00000021238 
188035915 NP_001120810 56 kDa Aldh7a1 ENSMUSG00000053644 
115334671 NP_064377 56 kDa Aldh9a1 ENSMUSG00000026687 
293597567 NP_001170778 45 kDa Aldoa ENSMUSG00000030695 
309265018 XP_003086419 45 kDa Aldoart1 ENSMUSG00000059343 
172072657 NP_064382 47 kDa Alg2 ENSMUSG00000039740 
21728372 NP_079718 37 kDa Alg5 ENSMUSG00000036632 
21313470 NP_079814 25 kDa Alkbh7 ENSMUSG00000002661 
160333226 NP_031457 58 kDa Alpl ENSMUSG00000028766 
46518506 NP_032563 42 kDa Amacr ENSMUSG00000022244 
62000670 NP_001013836 44 kDa Amt ENSMUSG00000032607 
70794813 NP_067396 62 kDa Angel2 ENSMUSG00000026634 
160707911 NP_112435 203 kDa Ank1 ENSMUSG00000031543 
30794236 NP_598740 76 kDa Ano10 ENSMUSG00000037949 
124517663 NP_034860 39 kDa Anxa1 ENSMUSG00000024659 
6996913 NP_031611 39 kDa Anxa2 ENSMUSG00000032231 
161016799 NP_038499 36 kDa Anxa4 ENSMUSG00000029994 
6753060 NP_033803 36 kDa Anxa5 ENSMUSG00000027712 
160707956 NP_033804 50 kDa Anxa7 ENSMUSG00000021814 
56744242 NP_033807 92 kDa Ap1g1 ENSMUSG00000031731 
163644277 NP_031485 104 kDa Ap2a2 ENSMUSG00000002957 
21313640 NP_082191 105 kDa Ap2b1 ENSMUSG00000035152 
6753074 NP_033809 50 kDa Ap2m1 ENSMUSG00000022841 
160333304 NP_033822 31 kDa Apoa1 ENSMUSG00000032083 
21553309 NP_659146 31 kDa Apoa1bp ENSMUSG00000028070 
13386062 NP_080841 29 kDa Apool ENSMUSG00000025525 
161484642 NP_080949 23 kDa Apoo-ps ENSMUSG00000049233 
148747410 NP_666097 57 kDa Arcn1 ENSMUSG00000032096 
194353962 NP_001123880 21 kDa Arf1 ENSMUSG00000048076 
6680720 NP_031505 20 kDa Arf4 ENSMUSG00000021877 
6680722 NP_031506 21 kDa Arf5 ENSMUSG00000020440 
6680724 NP_031507 20 kDa Arf6 ENSMUSG00000044147 
260763870 NP_083978 23 kDa Arfrp1 ENSMUSG00000038671 
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6753110 NP_033835 39 kDa Arg2 ENSMUSG00000021125 
225543420 NP_666236 50 kDa Arhgap1 ENSMUSG00000027247 
31982030 NP_598557 23 kDa Arhgdia ENSMUSG00000025132 
153792526 NP_080135 20 kDa Arl1 ENSMUSG00000060904 
31980988 NP_062696 21 kDa Arl2 ENSMUSG00000024944 
13385518 NP_080287 22 kDa Arl8b ENSMUSG00000030105 
13385536 NP_080310 33 kDa Armc10 ENSMUSG00000038525 
21313420 NP_084342 51 kDa Armcx1 ENSMUSG00000033460 
261862275 NP_082146 43 kDa Armcx3 ENSMUSG00000049047 
21617845 NP_083817 20 kDa Arxes2 ENSMUSG00000048040 
9790019 NP_062708 45 kDa Asah1 ENSMUSG00000031591 
125628659 NP_075553 83 kDa Asph ENSMUSG00000028207 
31560239 NP_079886 34 kDa Asrgl1 ENSMUSG00000024654 
31560168 NP_080763 41 kDa Atad1 ENSMUSG00000013662 
239985513 NP_849534 67 kDa Atad3a ENSMUSG00000029036 
119372300 NP_062691 66 kDa Atl2 ENSMUSG00000059811 
254826716 NP_001156977 60 kDa Atl3 ENSMUSG00000024759 
283135194 NP_573487 132 kDa Atp13a1 ENSMUSG00000031862 
21450277 NP_659149 113 kDa Atp1a1 ENSMUSG00000033161 
226958351 NP_038762 115 kDa Atp1a4 ENSMUSG00000007107 
6753138 NP_033851 35 kDa Atp1b1 ENSMUSG00000026576 
6680744 NP_031528 32 kDa Atp1b3 ENSMUSG00000032412 
158635979 NP_001103610 115 kDa Atp2a2 ENSMUSG00000029467 
62234487 NP_080758 135 kDa Atp2b1 ENSMUSG00000019943 
269784615 NP_001161421 129 kDa Atp2b4 ENSMUSG00000026463 
225690606 NP_778190 100 kDa Atp2c1 ENSMUSG00000032570 
6680748 NP_031531 60 kDa Atp5a1 ENSMUSG00000025428 
31980648 NP_058054 56 kDa Atp5b ENSMUSG00000025393 
163838641 NP_065640 33 kDa Atp5c1 ENSMUSG00000025781 
78214312 NP_033855 29 kDa Atp5f1 ENSMUSG00000000563 
21313679 NP_082138 19 kDa Atp5h ENSMUSG00000034566 
7949005 NP_058035 12 kDa Atp5j ENSMUSG00000022890 
10181184 NP_065607 10 kDa Atp5j2 ENSMUSG00000038690 
83715998 NP_031533 8 kDa Atp5k ENSMUSG00000050856 
149251053 XP_001478145 23 kDa Atp5o ENSMUSG00000022956 
13386040 NP_080812 23 kDa Atp5s ENSMUSG00000054894 
12025532 NP_058616 96 kDa Atp6v0a1 ENSMUSG00000019302 
83627707 NP_035726 98 kDa Atp6v0a2 ENSMUSG00000038023 
31981304 NP_038505 40 kDa Atp6v0d1 ENSMUSG00000013160 
225543207 NP_780615 40 kDa Atp6v0d2 ENSMUSG00000028238 
31560731 NP_031534 68 kDa Atp6v1a ENSMUSG00000052459 
19705578 NP_031535 57 kDa Atp6v1b2 ENSMUSG00000006273 
12963799 NP_076210 28 kDa Atp6v1d ENSMUSG00000021114 
45504359 NP_031536 26 kDa Atp6v1e1 ENSMUSG00000019210 
15617197 NP_077135 14 kDa Atp6v1g1 ENSMUSG00000039105 
157951680 NP_033856 162 kDa Atp7a ENSMUSG00000033792 
40795674 NP_056546 119 kDa Atp9a ENSMUSG00000027546 
238776839 NP_663402 34 kDa Atpaf2 ENSMUSG00000042709 
116268115 NP_057918 33 kDa Auh ENSMUSG00000021460 
17978260 NP_536693 37 kDa B3galt6 ENSMUSG00000050796 
13195672 NP_077218 37 kDa B3gat3 ENSMUSG00000071649 
189339268 NP_082015 59 kDa B4galnt1 ENSMUSG00000006731 
6679931 NP_032107 58 kDa B4galnt2 ENSMUSG00000013418 
11602910 NP_071641 44 kDa B4galt1 ENSMUSG00000028413 
188528672 NP_062778 40 kDa B4galt4 ENSMUSG00000022793 
232 
6753178 NP_035923 10 kDa Banf1 ENSMUSG00000024844 
113679811 NP_001038215 10 kDa Banf2 ENSMUSG00000037307 
45598372 NP_081671 22 kDa Basp1 ENSMUSG00000045763 
6680770 NP_031553 21 kDa Bax ENSMUSG00000003873 
21450219 NP_659081 21 kDa BC017643 ENSMUSG00000039294 
85701628 NP_001028456 38 kDa BC026585 ENSMUSG00000033488 
31981310 NP_036190 28 kDa Bcap31 ENSMUSG00000002015 
33859514 NP_033867 44 kDa Bcat2 ENSMUSG00000030826 
183396774 NP_031559 51 kDa Bckdha ENSMUSG00000060376 
40353220 NP_954665 36 kDa Bckdhb ENSMUSG00000032263 
6753164 NP_033869 47 kDa Bckdk ENSMUSG00000030802 
21313544 NP_080060 47 kDa Bcs1l ENSMUSG00000026172 
170014720 NP_780386 38 kDa Bdh1 ENSMUSG00000046598 
309261892 XP_003085430 16 kDa Beta-s ENSMUSG00000052305 
30424938 NP_780486 12 kDa Bola3 ENSMUSG00000045160 
21624609 NP_080788 33 kDa Bphl ENSMUSG00000038286 
29244434 NP_808518 54 kDa Bpi ENSMUSG00000052922 
39652626 NP_035924 33 kDa Bpnt1 ENSMUSG00000026617 
58037467 NP_084028 28 kDa Bri3bp ENSMUSG00000037905 
21312594 NP_081706 14 kDa Brp44 ENSMUSG00000026568 
116014342 NP_001070652 30 kDa Bsg ENSMUSG00000023175 
85701923 NP_001028590 16 kDa Bsph1 ENSMUSG00000074378 
20149730 NP_619594 54 kDa Bspry ENSMUSG00000028392 
21735489 NP_663447 24 kDa C030006K11Rik ENSMUSG00000079002 
282396086 NP_443719 42 kDa C1galt1 ENSMUSG00000042460 
10946990 NP_067525 36 kDa C1galt1c1 ENSMUSG00000048970 
112181167 NP_031599 31 kDa C1qbp ENSMUSG00000018446 
31542273 NP_666269 112 kDa C230096C10Rik ENSMUSG00000078517 
115430101 NP_031602 52 kDa C4bp ENSMUSG00000026405 
124001582 NP_796363 214 kDa 
CAAA01083517.1.42
631.1 ENSMUSG00000056050 
124244062 NP_001028498 36 kDa 
CAAA01118383.1.19
098.1 ENSMUSG00000063897 
109255218 NP_859420 41 kDa Cabyr ENSMUSG00000024430 
161086896 NP_001104313 125 kDa Cacna2d1 ENSMUSG00000040118 
51093867 NP_076014 243 kDa Cad ENSMUSG00000013629 
6680836 NP_031617 48 kDa Calr ENSMUSG00000003814 
41282022 NP_908942 37 kDa Calu ENSMUSG00000029767 
71043951 NP_083778 46 kDa Cant1 ENSMUSG00000025575 
160333212 NP_001103969 67 kDa Canx ENSMUSG00000020368 
6671672 NP_031630 33 kDa Capza2 ENSMUSG00000015733 
157951670 NP_031631 35 kDa Capza3 ENSMUSG00000041791 
6753262 NP_033928 31 kDa Capzb ENSMUSG00000028745 
211057396 NP_851832 37 kDa Car5b ENSMUSG00000031373 
298676450 NP_081271 39 kDa Carkd ENSMUSG00000031505 
158711675 NP_950239 40 kDa Casc4 ENSMUSG00000060227 
37620157 NP_663373 92 kDa Casd1 ENSMUSG00000015189 
157951741 NP_033934 60 kDa Cat ENSMUSG00000027187 
6680854 NP_031642 21 kDa Cav1 ENSMUSG00000007655 
113680352 NP_031646 31 kDa Cbr1 ENSMUSG00000051483 
6671688 NP_031647 26 kDa Cbr2 ENSMUSG00000025150 
269784762 NP_663570 25 kDa Cbr4 ENSMUSG00000031641 
30424613 NP_776124 47 kDa Ccbl2 ENSMUSG00000040213 
254553376 NP_081906 57 kDa Ccdc105 ENSMUSG00000078442 
168823441 NP_001028431 40 kDa Ccdc109a ENSMUSG00000009647 
233 
256222930 NP_663549 137 kDa Ccdc136 ENSMUSG00000029769 
125628650 NP_080285 56 kDa Ccdc47 ENSMUSG00000078622 
258679490 NP_079965 45 kDa Ccdc51 ENSMUSG00000025645 
50582595 NP_001002787 67 kDa Ccin ENSMUSG00000070999 
126521835 NP_031662 57 kDa Cct2 ENSMUSG00000034024 
6671702 NP_031663 60 kDa Cct5 ENSMUSG00000022234 
6753324 NP_033968 58 kDa Cct6a ENSMUSG00000029447 
226693361 NP_033969 58 kDa Cct6b ENSMUSG00000020698 
23346525 NP_694738 162 kDa Cd109 ENSMUSG00000046186 
6754382 NP_034711 35 kDa Cd47 ENSMUSG00000055447 
6680894 NP_031683 25 kDa Cd9 ENSMUSG00000030342 
6753364 NP_033991 21 kDa Cdc42 ENSMUSG00000006699 
21362277 NP_620093 24 kDa Cdipt ENSMUSG00000030682 
21450187 NP_659064 46 kDa Cecr5 ENSMUSG00000058979 
51556221 NP_001003951 64 kDa Ces5a ENSMUSG00000058019 
6680924 NP_031713 19 kDa Cfl1 ENSMUSG00000056201 
21313618 NP_079612 26 kDa Chchd3 ENSMUSG00000053768 
267844804 NP_079627 30 kDa Chchd6 ENSMUSG00000030086 
210031252 NP_758468 66 kDa Chdh ENSMUSG00000015970 
218083710 NP_001136153 45 kDa Chid1 ENSMUSG00000025512 
6755154 NP_036000 22 kDa Cib1 ENSMUSG00000030538 
21728370 NP_080178 15 kDa Cisd2 ENSMUSG00000028165 
62526118 NP_780660 64 kDa Ckap4 ENSMUSG00000046841 
6753440 NP_034033 22 kDa Cldn4 ENSMUSG00000047501 
8393144 NP_058583 22 kDa Cldn7 ENSMUSG00000018569 
8393156 NP_059089 30 kDa Clpp ENSMUSG00000002660 
103472025 NP_062623 75 kDa Clptm1 ENSMUSG00000002981 
113205071 NP_035932 69 kDa Clpx ENSMUSG00000015357 
122939192 NP_001073853 24 kDa Clta ENSMUSG00000028478 
51491845 NP_001003908 192 kDa Cltc ENSMUSG00000047126 
214010170 NP_038520 52 kDa Clu ENSMUSG00000022037 
256220113 NP_083832 38 kDa Clybl ENSMUSG00000025545 
6857812 NP_034910 29 kDa Cma1 ENSMUSG00000022225 
9903607 NP_064337 21 kDa Cnpy2 ENSMUSG00000025381 
21312510 NP_082341 31 kDa Cnpy3 ENSMUSG00000023973 
159110754 NP_038609 109 kDa Cog1 ENSMUSG00000018661 
256985208 NP_084022 82 kDa Cog2 ENSMUSG00000031979 
119392070 NP_796355 94 kDa Cog3 ENSMUSG00000034893 
19527194 NP_598734 89 kDa Cog4 ENSMUSG00000031753 
160333744 NP_080501 73 kDa Cog6 ENSMUSG00000027742 
6753484 NP_034063 108 kDa Col6a1 ENSMUSG00000001119 
309266594 XP_003086799 285 kDa Col6a5 ENSMUSG00000091345 
161484634 NP_031770 29 kDa Comt ENSMUSG00000000326 
33468999 NP_081241 29 kDa Comtd1 ENSMUSG00000021773 
226823359 NP_034068 138 kDa Copa ENSMUSG00000026553 
15426055 NP_203534 107 kDa Copb1 ENSMUSG00000030754 
29789080 NP_056642 102 kDa Copb2 ENSMUSG00000032458 
10946972 NP_067513 35 kDa Cope ENSMUSG00000055681 
8567338 NP_059505 98 kDa Copg ENSMUSG00000030058 
8567340 NP_059506 98 kDa Copg2 ENSMUSG00000025607 
9789913 NP_062791 20 kDa Copz1 ENSMUSG00000060992 
27369992 NP_766275 41 kDa Coq3 ENSMUSG00000028247 
30520093 NP_848808 30 kDa Coq4 ENSMUSG00000026798 
13385992 NP_080780 37 kDa Coq5 ENSMUSG00000041733 
283135186 NP_766170 51 kDa Coq6 ENSMUSG00000021235 
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20587962 NP_034070 24 kDa Coq7 ENSMUSG00000030652 
33859690 NP_080728 35 kDa Coq9 ENSMUSG00000031782 
31541932 NP_659123 46 kDa Cox15 ENSMUSG00000040018 
6753498 NP_034071 20 kDa Cox4i1 ENSMUSG00000031818 
6754870 NP_035056 23 kDa Cox4nb ENSMUSG00000031819 
6680988 NP_031774 12 kDa Cox6a1 ENSMUSG00000041697 
13385090 NP_079904 10 kDa Cox6b1 ENSMUSG00000036751 
16716343 NP_444301 8 kDa Cox6c ENSMUSG00000014313 
31981830 NP_034075 9 kDa Cox7a2 ENSMUSG00000032330 
6680999 NP_031779 49 kDa Cpa3 ENSMUSG00000001865 
150378501 NP_031780 152 kDa Cpd ENSMUSG00000020841 
161484660 NP_031783 50 kDa Cpox ENSMUSG00000022742 
162287142 NP_038523 88 kDa Cpt1a ENSMUSG00000024900 
162287165 NP_034078 88 kDa Cpt1b ENSMUSG00000078937 
162138915 NP_034079 74 kDa Cpt2 ENSMUSG00000028607 
85662408 NP_031786 71 kDa Crat ENSMUSG00000026853 
21313278 NP_083996 38 kDa Creld2 ENSMUSG00000023272 
33859530 NP_034098 35 kDa Cryz ENSMUSG00000028199 
13385942 NP_080720 52 kDa Cs ENSMUSG00000005683 
269973935 NP_082221 52 kDa Csl ENSMUSG00000046934 
6753540 NP_034104 41 kDa Csnk2a2 ENSMUSG00000046707 
7106277 NP_034105 25 kDa Csnk2b ENSMUSG00000024387 
58037521 NP_084335 16 kDa Cst11 ENSMUSG00000036958 
254587970 NP_081330 16 kDa Cst12 ENSMUSG00000027443 
31981822 NP_034106 16 kDa Cst3 ENSMUSG00000027447 
259155336 NP_001158725 87 kDa Ctage5 ENSMUSG00000021000 
6753294 NP_033948 100 kDa Ctnna1 ENSMUSG00000037815 
260166642 NP_001159374 85 kDa Ctnnb1 ENSMUSG00000006932 
146219830 NP_001078919 105 kDa Ctnnd1 ENSMUSG00000034101 
84042523 NP_001033581 54 kDa Ctsa ENSMUSG00000017760 
6681079 NP_031824 37 kDa Ctsb ENSMUSG00000021939 
160707990 NP_034112 52 kDa Ctsc ENSMUSG00000030560 
6753556 NP_034113 45 kDa Ctsd ENSMUSG00000007891 
160707996 NP_067256 38 kDa Ctss ENSMUSG00000038642 
110815859 NP_941004 77 kDa Cux1 ENSMUSG00000029705 
133778951 NP_032437 68 kDa Cuzd1 ENSMUSG00000040205 
13385268 NP_080073 15 kDa Cyb5 ENSMUSG00000024646 
31542438 NP_079834 16 kDa Cyb5b ENSMUSG00000031924 
21312524 NP_082333 34 kDa Cyb5r1 ENSMUSG00000026456 
19745150 NP_084063 34 kDa Cyb5r3 ENSMUSG00000018042 
13385006 NP_079843 35 kDa Cyc1 ENSMUSG00000022551 
242247109 NP_001156337 47 kDa Cylc2 ENSMUSG00000039555 
74271886 NP_084289 52 kDa Cyp20a1 ENSMUSG00000049439 
71061451 NP_064394 57 kDa Cyp51 ENSMUSG00000001467 
62241019 NP_796214 128 kDa D030016E14Rik ENSMUSG00000038102 
149274885 XP_001474527 28 kDa D10Jhu81e ENSMUSG00000053329 
18250288 NP_543027 18 kDa D17Wsu104e ENSMUSG00000019579 
170014723 NP_849213 59 kDa D2hgdh ENSMUSG00000073609 
164518942 NP_001106829 12 kDa Dad1 ENSMUSG00000022174 
110815857 NP_034148 39 kDa Dao ENSMUSG00000042096 
256985203 NP_075370 45 kDa Dap3 ENSMUSG00000068921 
10946592 NP_067269 10 kDa Dbil5 ENSMUSG00000038057 
170172520 NP_034152 53 kDa Dbt ENSMUSG00000000340 
27754054 NP_080827 26 kDa Dcakd ENSMUSG00000020935 
22267472 NP_081718 38 kDa Ddo ENSMUSG00000063428 
235 
309265149 XP_003086447 49 kDa Ddost ENSMUSG00000028757 
13385680 NP_080448 36 kDa Decr1 ENSMUSG00000028223 
6753622 NP_036063 31 kDa Decr2 ENSMUSG00000036775 
124301232 NP_795924 11 kDa Defb20 ENSMUSG00000049560 
84993780 NP_001034214 9 kDa Defb47 ENSMUSG00000075573 
247269607 NP_038792 32 kDa Dguok ENSMUSG00000014554 
9910194 NP_064430 43 kDa Dhodh ENSMUSG00000031730 
31980844 NP_081095 34 kDa Dhrs1 ENSMUSG00000002332 
256220343 NP_001033027 30 kDa Dhrs4 ENSMUSG00000022210 
226958616 NP_079798 38 kDa Dhrs7 ENSMUSG00000021094 
21703854 NP_663403 35 kDa Dhrs7b ENSMUSG00000042569 
124487485 NP_001074600 103 kDa Dhtkd1 ENSMUSG00000025815 
110835723 NP_031865 91 kDa Dhx15 ENSMUSG00000029169 
19111156 NP_579925 137 kDa Dhx30 ENSMUSG00000032480 
85677504 NP_075721 27 kDa Diablo ENSMUSG00000029433 
257796245 NP_663589 68 kDa Dlat ENSMUSG00000000168 
31982856 NP_031887 54 kDa Dld ENSMUSG00000020664 
21313536 NP_084501 49 kDa Dlst ENSMUSG00000004789 
256773234 NP_001028840 487 kDa Dnahc1 ENSMUSG00000019027 
254692843 NP_062409 530 kDa Dnahc10 ENSMUSG00000038011 
309263036 XP_003085961 451 kDa Dnahc12 ENSMUSG00000021879 
283837762 NP_001161218 509 kDa Dnahc17 ENSMUSG00000033987 
124486773 NP_001074799 512 kDa Dnahc2 ENSMUSG00000005237 
309268955 XP_003084792 468 kDa Dnahc3 ENSMUSG00000052273 
257467659 NP_001158141 475 kDa Dnahc6 ENSMUSG00000052861 
237874196 NP_001153858 467 kDa Dnahc7b ENSMUSG00000041144 
153792273 NP_038839 541 kDa Dnahc8 ENSMUSG00000033826 
114145546 NP_001030050 71 kDa Dnaic2 ENSMUSG00000034706 
205361112 NP_076135 52 kDa Dnaja3 ENSMUSG00000004069 
110625998 NP_080676 41 kDa Dnajb11 ENSMUSG00000004460 
119508443 NP_077143 91 kDa Dnajc10 ENSMUSG00000027006 
164565394 NP_766292 63 kDa Dnajc11 ENSMUSG00000039768 
247494234 NP_001156498 254 kDa Dnajc13 ENSMUSG00000032560 
31542563 NP_032955 57 kDa Dnajc3 ENSMUSG00000022136 
30172570 NP_780432 30 kDa Dnali1 ENSMUSG00000042707 
161016820 NP_058574 52 kDa Dnpep ENSMUSG00000026209 
21313683 NP_082236 54 kDa Dpep3 ENSMUSG00000031898 
6753670 NP_034202 29 kDa Dpm1 ENSMUSG00000078919 
227116292 NP_001153015 84 kDa Dpp4 ENSMUSG00000035000 
261245007 NP_001159679 90 kDa Dpy19l2 ENSMUSG00000085576 
169234958 NP_034209 115 kDa Dsg1a ENSMUSG00000069441 
190194418 NP_076331 333 kDa Dsp ENSMUSG00000054889 
9790219 NP_062745 19 kDa Dstn ENSMUSG00000015932 
157785665 NP_001099137 24 kDa Dtymk ENSMUSG00000026281 
21281687 NP_076084 17 kDa Dut ENSMUSG00000027203 
134288917 NP_084514 532 kDa Dync1h1 ENSMUSG00000018707 
18087731 NP_080832 10 kDa Dynll2 ENSMUSG00000020483 
116174791 NP_067444 239 kDa Dysf ENSMUSG00000033788 
21312986 NP_080416 58 kDa Ears2 ENSMUSG00000030871 
7949037 NP_058052 36 kDa Ech1 ENSMUSG00000053898 
158854020 NP_080131 35 kDa Echdc1 ENSMUSG00000019883 
225543400 NP_081004 32 kDa Echdc2 ENSMUSG00000028601 
31980955 NP_077170 32 kDa Echdc3 ENSMUSG00000039063 
29789289 NP_444349 31 kDa Echs1 ENSMUSG00000025465 
31981810 NP_034153 32 kDa Eci1 ENSMUSG00000024132 
236 
160333193 NP_001103801 43 kDa Eci2 ENSMUSG00000021417 
21312210 NP_081223 35 kDa Eci3 ENSMUSG00000021416 
6755522 NP_036159 50 kDa Ecsit ENSMUSG00000066839 
45356141 NP_987104 18 kDa Eddm3b ENSMUSG00000072575 
126032329 NP_034236 50 kDa Eef1a1 ENSMUSG00000037742 
33859482 NP_031933 95 kDa Eef2 ENSMUSG00000034994 
262050574 NP_083192 88 kDa Efhc2 ENSMUSG00000025038 
54020730 NP_598527 93 kDa Efr3a ENSMUSG00000015002 
31541815 NP_076226 78 kDa Ehhadh ENSMUSG00000022853 
176865892 NP_038534 46 kDa Eif4a2 ENSMUSG00000022884 
158853992 NP_075608 47 kDa Eno1 ENSMUSG00000063524 
153792211 NP_032839 103 kDa Enpp1 ENSMUSG00000037370 
14030779 NP_114392 54 kDa Enpp5 ENSMUSG00000023960 
161484610 NP_033979 54 kDa Entpd2 ENSMUSG00000015085 
18093090 NP_080450 70 kDa Entpd4 ENSMUSG00000022066 
71061460 NP_031673 50 kDa Entpd5 ENSMUSG00000021236 
83921570 NP_742115 50 kDa Entpd6 ENSMUSG00000033068 
190684669 NP_906273 96 kDa Epb4.1 ENSMUSG00000028906 
112293275 NP_032558 35 kDa Epcam ENSMUSG00000045394 
6753762 NP_034275 53 kDa Ephx1 ENSMUSG00000038776 
31982393 NP_031966 63 kDa Ephx2 ENSMUSG00000022040 
37537522 NP_659097 725 kDa Eppk1  
13507656 NP_109636 107 kDa Erap1 ENSMUSG00000021583 
13385678 NP_080446 33 kDa Ergic1 ENSMUSG00000001576 
13384938 NP_079792 43 kDa Ergic3 ENSMUSG00000005881 
114205437 NP_080021 55 kDa Erlec1 ENSMUSG00000020311 
23956396 NP_705820 38 kDa Erlin2 ENSMUSG00000031483 
7657067 NP_056589 54 kDa Ero1l ENSMUSG00000021831 
38348230 NP_080460 54 kDa Ero1lb ENSMUSG00000057069 
19526463 NP_080405 29 kDa Erp29 ENSMUSG00000029616 
19072792 NP_083848 47 kDa Erp44 ENSMUSG00000028343 
33859650 NP_035973 122 kDa Esyt1 ENSMUSG00000025366 
67782360 NP_083007 94 kDa Esyt2 ENSMUSG00000021171 
227500281 NP_663590 35 kDa Etfa ENSMUSG00000032314 
38142460 NP_080971 28 kDa Etfb ENSMUSG00000004610 
254588014 NP_080070 68 kDa Etfdh ENSMUSG00000027809 
12963539 NP_075643 28 kDa Ethe1 ENSMUSG00000064254 
254553481 NP_067363 37 kDa Extl2 ENSMUSG00000027963 
83921618 NP_033536 69 kDa Ezr ENSMUSG00000052397 
226443015 NP_034303 63 kDa Faah ENSMUSG00000034171 
40254574 NP_035728 15 kDa Fabp9 ENSMUSG00000027528 
22164784 NP_666206 52 kDa Fads1 ENSMUSG00000010663 
9790071 NP_062673 52 kDa Fads2 ENSMUSG00000024665 
158533976 NP_848484 52 kDa Faf2 ENSMUSG00000025873 
12963697 NP_075969 25 kDa Fahd1 ENSMUSG00000045316 
29366814 NP_083905 35 kDa Fahd2a ENSMUSG00000027371 
21312546 NP_081618 18 kDa Fam162a ENSMUSG00000003955 
21311859 NP_080900 37 kDa Fam166a ENSMUSG00000026969 
153945763 NP_001093586 24 kDa Fam177a ENSMUSG00000073083 
149262150 XP_001474238 30 kDa Fam18b ENSMUSG00000014177 
21703824 NP_663388 47 kDa Fam20b ENSMUSG00000033557 
21313538 NP_079749 25 kDa Fam3a ENSMUSG00000031399 
42734496 NP_613053 25 kDa Fam3c ENSMUSG00000029672 
160333214 NP_084345 64 kDa Fam55b ENSMUSG00000032028 
62000656 NP_001013805 69 kDa Fam71b ENSMUSG00000020401 
237 
85701644 NP_001028308 52 kDa Fam82a2 ENSMUSG00000070730 
31560255 NP_079752 35 kDa Fam82b ENSMUSG00000028229 
68448551 NP_081655 59 kDa Far1 ENSMUSG00000030759 
22267456 NP_077236 52 kDa Fars2 ENSMUSG00000021420 
31981400 NP_035941 66 kDa Farsb ENSMUSG00000026245 
93102409 NP_032014 272 kDa Fasn ENSMUSG00000025153 
19882207 NP_608219 41 kDa Fdps ENSMUSG00000059743 
6679767 NP_032023 54 kDa Fdxr ENSMUSG00000018861 
20452466 NP_032024 47 kDa Fech ENSMUSG00000024588 
167555029 NP_001104518 87 kDa Fga ENSMUSG00000028001 
226823367 NP_034339 54 kDa Fh1 ENSMUSG00000026526 
6753862 NP_034340 17 kDa Fhit ENSMUSG00000060579 
13384998 NP_079838 17 kDa Fis1 ENSMUSG00000019054 
15277331 NP_077131 22 kDa Fkbp11 ENSMUSG00000003355 
261824055 NP_001159840 15 kDa Fkbp2 ENSMUSG00000056629 
161484656 NP_034353 44 kDa Fkbp8 ENSMUSG00000019428 
27734120 NP_775606 55 kDa Fkrp ENSMUSG00000048920 
84370015 NP_001013826 251 kDa Flg2 ENSMUSG00000049133 
125347376 NP_034357 280 kDa Flna ENSMUSG00000031328 
145966915 NP_598841 277 kDa Flnb ENSMUSG00000025278 
6679809 NP_032053 48 kDa Flot1 ENSMUSG00000059714 
6679811 NP_032054 42 kDa Flot2 ENSMUSG00000061981 
228008367 NP_058050 85 kDa Folh1 ENSMUSG00000001773 
172088163 NP_034366 65 kDa Fpgs ENSMUSG00000009566 
253795534 NP_001156743 114 kDa Fscb ENSMUSG00000043060 
31982710 NP_062515 56 kDa Fscn3 ENSMUSG00000029707 
309264486 XP_918762 783 kDa Fsip2 ENSMUSG00000075249 
114326466 NP_034370 21 kDa Ftl1 ENSMUSG00000050708 
262050556 NP_080402 17 kDa Fundc2 ENSMUSG00000031198 
49355810 NP_032077 42 kDa Fut1 ENSMUSG00000008461 
6753920 NP_034372 49 kDa Fut4 ENSMUSG00000049307 
31560444 NP_058589 67 kDa Fut8 ENSMUSG00000021065 
47271524 NP_787949 39 kDa G6pc3 ENSMUSG00000034793 
6996917 NP_032088 59 kDa G6pdx ENSMUSG00000031400 
84370027 NP_001028588 54 kDa Gal3st4 ENSMUSG00000075593 
93102411 NP_032105 77 kDa Galc ENSMUSG00000021003 
171184398 NP_057931 58 kDa Galns ENSMUSG00000015027 
237874259 NP_038842 64 kDa Galnt1 ENSMUSG00000000420 
46877107 NP_598950 69 kDa Galnt10 ENSMUSG00000020520 
27370010 NP_766281 67 kDa Galnt12 ENSMUSG00000039774 
254910954 NP_082140 64 kDa Galnt14 ENSMUSG00000024064 
46877109 NP_644678 65 kDa Galnt2 ENSMUSG00000089704 
162951828 NP_056551 73 kDa Galnt3 ENSMUSG00000026994 
7657112 NP_056552 67 kDa Galnt4 ENSMUSG00000090035 
269784707 NP_653332 75 kDa Galnt7 ENSMUSG00000031608 
6679891 NP_032086 109 kDa Ganab ENSMUSG00000071650 
6679939 NP_032111 47 kDa Gapdhs ENSMUSG00000061099 
13385454 NP_080237 48 kDa Gatm ENSMUSG00000027199 
160298168 NP_032121 33 kDa Gbas ENSMUSG00000029432 
52138536 NP_849261 207 kDa Gbf1 ENSMUSG00000025224 
240120117 NP_038875 45 kDa Gcat ENSMUSG00000006378 
61742806 NP_081651 195 kDa Gcc2 ENSMUSG00000038039 
113680425 NP_032123 49 kDa Gcdh ENSMUSG00000003809 
112807186 NP_766307 293 kDa Gcn1l1 ENSMUSG00000041638 
260593704 NP_001159537 53 kDa Gcnt4 ENSMUSG00000091387 
238 
94394659 XP_978753 19 kDa Gcsh ENSMUSG00000034424 
9625018 NP_062526 38 kDa Gde1 ENSMUSG00000033917 
116089273 NP_032138 51 kDa Gdi2 ENSMUSG00000021218 
23956140 NP_079914 36 kDa Gdpd1 ENSMUSG00000061666 
170650599 NP_613057 84 kDa Gfm1 ENSMUSG00000027774 
225690549 NP_796240 86 kDa Gfm2 ENSMUSG00000021666 
6679995 NP_032142 62 kDa Ggt1 ENSMUSG00000006345 
6753992 NP_034418 43 kDa Gja1 ENSMUSG00000050953 
6754000 NP_034424 61 kDa Gk2 ENSMUSG00000050553 
6753190 NP_033882 73 kDa Glb1 ENSMUSG00000045594 
24418925 NP_722498 74 kDa Glb1l2 ENSMUSG00000036395 
65301488 NP_201577 70 kDa Glce ENSMUSG00000032252 
20070408 NP_613061 113 kDa Gldc ENSMUSG00000024827 
6677905 NP_033175 134 kDa Glg1 ENSMUSG00000003316 
226443038 NP_081294 27 kDa Glipr1l1 ENSMUSG00000020213 
255003777 NP_080305 33 kDa Glod4 ENSMUSG00000017286 
124487313 NP_001074550 74 kDa Gls ENSMUSG00000026103 
260763885 NP_083902 42 kDa Glt8d1 ENSMUSG00000021916 
6680027 NP_032159 61 kDa Glud1 ENSMUSG00000021794 
31982332 NP_032157 42 kDa Glul ENSMUSG00000026473 
149270456 XP_001478454 12 kDa Gm10053 ENSMUSG00000058927 
6679439 NP_032933 18 kDa Gm10123 ENSMUSG00000062933 
149253631 XP_001478505 11 kDa Gm10221  
149259896 XP_001478063 23 kDa Gm10698  
294610675 NP_001170980 73 kDa Gm1110 ENSMUSG00000079644 
149262383 XP_001473243 16 kDa Gm11518  
67625729 NP_001020012 38 kDa Gm128 ENSMUSG00000068860 
149249111 XP_001476570 19 kDa Gm13370  
149258833 XP_917761 141 kDa Gm16486  
85701975 NP_001028631 14 kDa Gm1679 ENSMUSG00000072754 
264681530 NP_001161145 13 kDa Gm17727 ENSMUSG00000090738 
149259021 XP_001477595 25 kDa Gm3405  
149257690 XP_001478548 281 kDa Gm4070 ENSMUSG00000078606 
149258261 XP_001480523 17 kDa Gm4459  
46559428 NP_808261 21 kDa Gm4763 ENSMUSG00000058717 
256221758 NP_001157778 62 kDa Gm4846 ENSMUSG00000086056 
82880886 XP_890389 33 kDa Gm6136  
9790169 NP_062729 17 kDa Gm6169 ENSMUSG00000057762 
294459930 NP_001170887 19 kDa Gm6792 ENSMUSG00000053367 
295054228 NP_001034333 27 kDa Gm7120 ENSMUSG00000074634 
85702211 NP_001030043 11 kDa Gm749 ENSMUSG00000024224 
309266351 XP_003086742 34 kDa Gm8730 ENSMUSG00000063696 
268370275 NP_001028606 165 kDa Gm884 ENSMUSG00000034239 
160333553 NP_033102 18 kDa Gm9396 ENSMUSG00000063328 
6754004 NP_034431 42 kDa Gna11 ENSMUSG00000034781 
89001109 NP_034433 44 kDa Gna13 ENSMUSG00000020611 
41054806 NP_032164 40 kDa Gnai2 ENSMUSG00000032562 
33563256 NP_034436 41 kDa Gnai3 ENSMUSG00000000001 
84662745 NP_032165 42 kDa Gnaq ENSMUSG00000024639 
117959921 NP_001070975 120 kDa Gnas ENSMUSG00000027523 
229608938 NP_001153488 37 kDa Gnb1 ENSMUSG00000029064 
13937391 NP_034442 37 kDa Gnb2 ENSMUSG00000029713 
6680047 NP_032169 35 kDa Gnb2l1 ENSMUSG00000020372 
13384618 NP_079554 8 kDa Gng12 ENSMUSG00000036402 
160298207 NP_034452 77 kDa Gnpat ENSMUSG00000031985 
239 
124378030 NP_001074437 113 kDa Golga2 ENSMUSG00000002546 
20127150 NP_061218 258 kDa Golga4 ENSMUSG00000038708 
7305095 NP_038775 82 kDa Golga5 ENSMUSG00000021192 
109809743 NP_065610 16 kDa Golga7 ENSMUSG00000015341 
226958601 NP_084311 370 kDa Golgb1 ENSMUSG00000034243 
30424814 NP_780402 77 kDa Golim4 ENSMUSG00000034109 
78190500 NP_001030294 44 kDa Golm1 ENSMUSG00000021556 
14140240 NP_079949 34 kDa Golph3 ENSMUSG00000022200 
13385354 NP_080148 15 kDa Golt1b ENSMUSG00000030245 
31559831 NP_849214 41 kDa Gorab ENSMUSG00000040124 
30350202 NP_083252 47 kDa Gorasp1 ENSMUSG00000032513 
224967109 NP_081628 47 kDa Gorasp2 ENSMUSG00000014959 
31542904 NP_058090 28 kDa Gosr1 ENSMUSG00000010392 
24528553 NP_062624 25 kDa Gosr2 ENSMUSG00000020946 
6754036 NP_034455 47 kDa Got2 ENSMUSG00000031672 
34536827 NP_032175 94 kDa Gpam ENSMUSG00000024978 
238624186 NP_032176 63 kDa Gpc4 ENSMUSG00000031119 
6753966 NP_034401 38 kDa Gpd1 ENSMUSG00000023019 
257467604 NP_780589 38 kDa Gpd1l ENSMUSG00000050627 
224922803 NP_034404 81 kDa Gpd2 ENSMUSG00000026827 
119943131 NP_001073326 109 kDa Gpr64 ENSMUSG00000031298 
27805389 NP_776291 58 kDa Gpt2 ENSMUSG00000031700 
84871986 NP_032186 22 kDa Gpx1 ENSMUSG00000063856 
90903233 NP_001032830 29 kDa Gpx4 ENSMUSG00000075706 
171543846 NP_034473 25 kDa Gpx5 ENSMUSG00000004344 
13195626 NP_077160 21 kDa Gpx7 ENSMUSG00000028597 
21312336 NP_081403 24 kDa Gpx8 ENSMUSG00000021760 
17933768 NP_525028 35 kDa Grhpr ENSMUSG00000035637 
224967126 NP_032201 65 kDa Grn ENSMUSG00000034708 
13277394 NP_077798 24 kDa Grpel1 ENSMUSG00000029198 
28916693 NP_666232 86 kDa Gsn ENSMUSG00000026879 
21313138 NP_083831 26 kDa Gstk1 ENSMUSG00000029864 
6754084 NP_034488 26 kDa Gstm1 ENSMUSG00000058135 
6680121 NP_032209 26 kDa Gstm2 ENSMUSG00000040562 
6754086 NP_034490 27 kDa Gstm5 ENSMUSG00000004032 
113679874 NP_080948 26 kDa Gstm7 ENSMUSG00000004035 
225007547 NP_080895 29 kDa Gsto2 ENSMUSG00000025069 
10092608 NP_038569 24 kDa Gstp1 ENSMUSG00000060803 
21536248 NP_598755 27 kDa Gstt3 ENSMUSG00000001665 
6754092 NP_034493 24 kDa Gstz1 ENSMUSG00000021033 
134031950 NP_001076798 44 kDa Gtpbp5 ENSMUSG00000039069 
226874887 NP_032219 24 kDa Guk1 ENSMUSG00000020444 
6754098 NP_034498 74 kDa Gusb ENSMUSG00000025534 
46909579 NP_997609 61 kDa Gyk ENSMUSG00000025059 
49355801 NP_034423 60 kDa Gykl1 ENSMUSG00000053624 
18034682 NP_034506 42 kDa H13 ENSMUSG00000019188 
31560697 NP_032223 21 kDa H1f0 ENSMUSG00000048769 
256773209 NP_084214 14 kDa H2afv ENSMUSG00000041126 
283945572 NP_001152985 40 kDa H2afy ENSMUSG00000015937 
133778955 NP_034510 41 kDa H2-D1 ENSMUSG00000073411 
157951743 NP_038571 27 kDa H2-Ke6 ENSMUSG00000073422 
111119010 NP_077759 22 kDa H47 ENSMUSG00000075701 
31982147 NP_775547 90 kDa H6pd ENSMUSG00000028980 
31560355 NP_064359 64 kDa Hacl1 ENSMUSG00000021884 
111038118 NP_032238 34 kDa Hadh ENSMUSG00000027984 
240 
33859811 NP_849209 83 kDa Hadha ENSMUSG00000025745 
21704100 NP_663533 51 kDa Hadhb ENSMUSG00000059447 
227499238 NP_077246 34 kDa Hagh ENSMUSG00000024158 
6754152 NP_034531 72 kDa Hal ENSMUSG00000020017 
18079343 NP_542367 57 kDa Hars2 ENSMUSG00000019143 
145301549 NP_001077424 15 kDa Hba-a1 ENSMUSG00000069919 
17647499 NP_058652 16 kDa Hbb-b2 ENSMUSG00000073940 
225543251 NP_032248 31 kDa Hccs ENSMUSG00000031352 
21312204 NP_077219 28 kDa Hdhd3 ENSMUSG00000038422 
260593706 NP_001159538 180 kDa Heatr7b2 ENSMUSG00000022155 
67514549 NP_034551 61 kDa Hexa ENSMUSG00000025232 
6754186 NP_034552 61 kDa Hexb ENSMUSG00000021665 
251823939 NP_083371 56 kDa Hhatl ENSMUSG00000032523 
21704140 NP_663542 35 kDa Hibadh ENSMUSG00000029776 
22122625 NP_666220 43 kDa Hibch ENSMUSG00000041426 
110625719 NP_081147 17 kDa Hint2 ENSMUSG00000028470 
13430890 NP_056602 22 kDa Hist1h1e ENSMUSG00000051627 
28316750 NP_783594 14 kDa Hist1h2ba ENSMUSG00000050799 
160420308 NP_835509 16 kDa Hist1h2bp ENSMUSG00000069308 
21361209 NP_291074 11 kDa Hist1h4h ENSMUSG00000060981 
20799907 NP_038577 14 kDa Hist2h2aa2 ENSMUSG00000064220 
225735584 NP_001139572 102 kDa Hk1 ENSMUSG00000037012 
7305143 NP_038848 103 kDa Hk2 ENSMUSG00000000628 
171543858 NP_032280 34 kDa Hmgcl ENSMUSG00000028672 
31560689 NP_032282 57 kDa Hmgcs2 ENSMUSG00000027875 
209862939 NP_001129538 36 kDa Hmox2 ENSMUSG00000004070 
13384620 NP_079555 51 kDa Hnrnpk ENSMUSG00000021546 
13385656 NP_080428 35 kDa Hoga1 ENSMUSG00000025176 
7949055 NP_057886 22 kDa Hpcal1 ENSMUSG00000071379 
22122847 NP_666368 40 kDa Hpdl ENSMUSG00000043155 
170172560 NP_035958 42 kDa Hs2st1 ENSMUSG00000040151 
225703114 NP_705799 27 kDa Hscb ENSMUSG00000043510 
61888838 NP_058043 27 kDa Hsd17b10 ENSMUSG00000025260 
16716597 NP_444492 33 kDa Hsd17b11 ENSMUSG00000029311 
9789991 NP_062631 35 kDa Hsd17b12 ENSMUSG00000027195 
31982273 NP_032318 79 kDa Hsd17b4 ENSMUSG00000024507 
87162470 NP_034606 37 kDa Hsd17b7 ENSMUSG00000026675 
30424792 NP_780394 37 kDa Hsdl1 ENSMUSG00000034189 
125656150 NP_077217 54 kDa Hsdl2 ENSMUSG00000028383 
40556608 NP_032328 83 kDa Hsp90ab1 ENSMUSG00000023944 
6755863 NP_035761 92 kDa Hsp90b1 ENSMUSG00000020048 
30089677 NP_084477 52 kDa Hspa13 ENSMUSG00000032932 
124339838 NP_038586 71 kDa Hspa1l ENSMUSG00000007033 
31560686 NP_032327 70 kDa Hspa2 ENSMUSG00000059970 
254540166 NP_071705 72 kDa Hspa5 ENSMUSG00000026864 
31981690 NP_112442 71 kDa Hspa8 ENSMUSG00000015656 
162461907 NP_034611 73 kDa Hspa9 ENSMUSG00000024359 
254675150 NP_083583 22 kDa Hspb9 ENSMUSG00000017832 
183396771 NP_034607 61 kDa Hspd1 ENSMUSG00000025980 
6680309 NP_032329 11 kDa Hspe1 ENSMUSG00000073676 
45439304 NP_034544 345 kDa Htt ENSMUSG00000029104 
157951706 NP_067370 111 kDa Hyou1 ENSMUSG00000032115 
27754071 NP_080623 28 kDa Iah1 ENSMUSG00000062054 
38490690 NP_941055 113 kDa Iars2 ENSMUSG00000026618 
121583922 NP_112419 118 kDa Ide ENSMUSG00000056999 
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225579033 NP_766599 51 kDa Idh2 ENSMUSG00000030541 
18250284 NP_083849 40 kDa Idh3a ENSMUSG00000032279 
18700024 NP_570954 42 kDa Idh3b ENSMUSG00000027406 
6680345 NP_032349 43 kDa Idh3g ENSMUSG00000002010 
281604088 NP_663335 32 kDa Idi1 ENSMUSG00000058258 
133778978 NP_034645 274 kDa Igf2r ENSMUSG00000023830 
30424591 NP_776112 68 kDa Ilvbl ENSMUSG00000032763 
70608131 NP_083949 84 kDa Immt ENSMUSG00000052337 
29244210 NP_808398 39 kDa Impad1 ENSMUSG00000066324 
29789199 NP_076068 124 kDa Ipo5 ENSMUSG00000030662 
242332572 NP_057930 189 kDa Iqgap1 ENSMUSG00000030536 
118344444 NP_081987 181 kDa Iqgap2 ENSMUSG00000021676 
134031980 NP_950178 51 kDa Irgc1 ENSMUSG00000062028 
6680351 NP_032352 47 kDa Irgm1 ENSMUSG00000046879 
254039596 NP_083139 17 kDa Isca2 ENSMUSG00000021241 
21313484 NP_079802 18 kDa Iscu ENSMUSG00000025825 
197333728 NP_001095068 22 kDa Isoc2a ENSMUSG00000086784 
268839462 NP_082283 67 kDa Itfg1 ENSMUSG00000031703 
154240716 NP_032428 115 kDa Itgav ENSMUSG00000027087 
45504394 NP_034708 88 kDa Itgb1 ENSMUSG00000025809 
6680502 NP_032436 30 kDa Itm2b ENSMUSG00000022108 
60593032 NP_064307 307 kDa Itpr2 ENSMUSG00000030287 
9789985 NP_062800 46 kDa Ivd ENSMUSG00000027332 
65301151 NP_001018013 45 kDa Izumo1 ENSMUSG00000064158 
89886473 NP_082105 26 kDa Izumo4 ENSMUSG00000055862 
28395018 NP_034723 82 kDa Jup ENSMUSG00000001552 
47078285 NP_997610 58 kDa Kdelc2 ENSMUSG00000034487 
19527170 NP_598711 25 kDa Kdelr1 ENSMUSG00000002778 
13385318 NP_080117 24 kDa Kdelr2 ENSMUSG00000079111 
110625780 NP_081810 36 kDa Kdsr ENSMUSG00000009905 
266458391 NP_067259 21 kDa Kras ENSMUSG00000030265 
126116585 NP_032499 66 kDa Krt1 ENSMUSG00000046834 
112983636 NP_034790 57 kDa Krt10 ENSMUSG00000019761 
118130981 NP_034791 53 kDa Krt12 ENSMUSG00000020912 
6754480 NP_034792 48 kDa Krt13 ENSMUSG00000044041 
21489935 NP_058654 53 kDa Krt14 ENSMUSG00000045545 
226823220 NP_032495 49 kDa Krt15 ENSMUSG00000054146 
6680604 NP_032496 52 kDa Krt16 ENSMUSG00000053797 
7106335 NP_034793 48 kDa Krt17 ENSMUSG00000035557 
254540068 NP_034794 48 kDa Krt18 ENSMUSG00000023043 
6680606 NP_032497 45 kDa Krt19 ENSMUSG00000020911 
124487419 NP_034798 71 kDa Krt2 ENSMUSG00000064201 
7106337 NP_034796 49 kDa Krt27 ENSMUSG00000017588 
145966692 NP_034789 47 kDa Krt31 ENSMUSG00000048981 
291575137 NP_001167570 53 kDa Krt36 ENSMUSG00000020916 
133778953 NP_032501 56 kDa Krt4 ENSMUSG00000059668 
154090941 NP_997648 50 kDa Krt42 ENSMUSG00000053654 
20911031 NP_081287 62 kDa Krt5 ENSMUSG00000061527 
54607171 NP_032502 59 kDa Krt6a ENSMUSG00000058354 
14861854 NP_149064 51 kDa Krt7 ENSMUSG00000023039 
9910294 NP_064340 57 kDa Krt71 ENSMUSG00000051879 
29789317 NP_579935 60 kDa Krt75 ENSMUSG00000022986 
85701680 NP_001028349 63 kDa Krt76 ENSMUSG00000075402 
51092293 NP_001003667 61 kDa Krt77 ENSMUSG00000067594 
145580629 NP_997652 112 kDa Krt78 ENSMUSG00000050463 
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114145561 NP_112447 55 kDa Krt8 ENSMUSG00000049382 
124249090 NP_083046 51 kDa Krt80 ENSMUSG00000037185 
225903444 NP_032500 65 kDa Krt84 ENSMUSG00000044294 
31980832 NP_058575 56 kDa Krt85  
21703884 NP_663418 51 kDa L2hgdh ENSMUSG00000020988 
21703764 NP_663356 33 kDa Lactb2 ENSMUSG00000025937 
113195678 NP_034814 44 kDa Lamp1 ENSMUSG00000031447 
255069715 NP_077754 56 kDa Lap3 ENSMUSG00000039682 
23346617 NP_694808 101 kDa Lars2 ENSMUSG00000035202 
27370296 NP_766444 45 kDa Lass6 ENSMUSG00000027035 
124486722 NP_001074540 44 kDa Lclat1 ENSMUSG00000054469 
34328049 NP_032517 23 kDa Lcn2 ENSMUSG00000026822 
110835737 NP_031973 21 kDa Lcn5 ENSMUSG00000026937 
166157834 NP_808508 20 kDa Lcn6 ENSMUSG00000045684 
14994308 NP_149157 20 kDa Lcn8 ENSMUSG00000036449 
31543113 NP_032905 70 kDa Lcp1 ENSMUSG00000021998 
257743039 NP_001129541 40 kDa Ldha ENSMUSG00000063229 
30425048 NP_780558 42 kDa Ldhal6b  
6678674 NP_032518 37 kDa Ldhb ENSMUSG00000030246 
7305229 NP_038608 36 kDa Ldhc ENSMUSG00000030851 
34328379 NP_081846 52 kDa Ldhd ENSMUSG00000031958 
165972321 NP_666187 58 kDa Lemd2 ENSMUSG00000044857 
9789997 NP_062668 83 kDa Letm1 ENSMUSG00000005299 
19527322 NP_598854 42 kDa Letmd1 ENSMUSG00000037353 
6755144 NP_035280 64 kDa Lgals3bp ENSMUSG00000033880 
13277380 NP_077791 42 kDa Lias ENSMUSG00000029199 
229577004 NP_080286 25 kDa Lipt2 ENSMUSG00000030725 
21312570 NP_081676 58 kDa Lman1 ENSMUSG00000041891 
34328278 NP_080104 40 kDa Lman2 ENSMUSG00000021484 
61656186 NP_001013392 40 kDa Lman2l ENSMUSG00000001143 
161760667 NP_001104572 65 kDa Lmna ENSMUSG00000028063 
188219589 NP_034851 67 kDa Lmnb1 ENSMUSG00000024590 
27370240 NP_766415 117 kDa Lnpep ENSMUSG00000023845 
309267120 XP_003086957 43 kDa LOC100505251  
116089322 NP_083058 106 kDa Lonp1 ENSMUSG00000041168 
13385298 NP_080103 95 kDa Lonp2 ENSMUSG00000047866 
124494256 NP_032538 505 kDa Lrp1 ENSMUSG00000040249 
124487372 NP_001074557 519 kDa Lrp2 ENSMUSG00000027070 
63999380 NP_038615 42 kDa Lrpap1 ENSMUSG00000029103 
134031976 NP_082509 157 kDa Lrpprc ENSMUSG00000024120 
225690587 NP_001139520 59 kDa Lrrc1 ENSMUSG00000032352 
19527026 NP_598568 35 kDa Lrrc59 ENSMUSG00000020869 
22122469 NP_666118 83 kDa Lss ENSMUSG00000033105 
124487415 NP_032546 134 kDa Ltbp3 ENSMUSG00000024940 
22507343 NP_683741 22 kDa Ly6g5b ENSMUSG00000043807 
33354251 NP_877586 27 kDa Lypd4 ENSMUSG00000062732 
6678760 NP_032892 25 kDa Lypla1 ENSMUSG00000025903 
227496223 NP_666218 26 kDa Lyplal1 ENSMUSG00000039246 
14916479 NP_034879 31 kDa M6pr ENSMUSG00000007458 
170650601 NP_598908 35 kDa Macrod1 ENSMUSG00000036278 
298676496 NP_080228 42 kDa Magt1 ENSMUSG00000031232 
6678788 NP_032574 73 kDa Man1a ENSMUSG00000003746 
6754620 NP_034893 73 kDa Man1a2 ENSMUSG00000008763 
71534295 NP_001025154 75 kDa Man1b1 ENSMUSG00000036646 
227330625 NP_032576 116 kDa Man2b2 ENSMUSG00000029119 
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110625813 NP_083379 20 kDa Manf ENSMUSG00000032575 
255759902 NP_776101 60 kDa Maoa ENSMUSG00000025037 
257196228 NP_766366 59 kDa Maob ENSMUSG00000040147 
256773297 NP_081590 31 kDa March5 ENSMUSG00000023307 
294610683 NP_001009949 34 kDa Mcart1 ENSMUSG00000045973 
71725343 NP_001025185 42 kDa Mcat ENSMUSG00000048755 
186700620 NP_076133 79 kDa Mccc1 ENSMUSG00000027709 
73622267 NP_084302 61 kDa Mccc2 ENSMUSG00000021646 
114205406 NP_034909 27 kDa Mcpt4 ENSMUSG00000061068 
254540027 NP_032644 37 kDa Mdh1 ENSMUSG00000020321 
31982186 NP_032643 36 kDa Mdh2 ENSMUSG00000019179 
21703972 NP_663469 66 kDa Me2 ENSMUSG00000024556 
227116358 NP_079573 40 kDa Mecr ENSMUSG00000028910 
228480219 NP_075892 25 kDa Mesdc2 ENSMUSG00000038503 
33563290 NP_081610 28 kDa Mettl7a1 ENSMUSG00000054619 
113865977 NP_001038954 47 kDa Mfge8 ENSMUSG00000030605 
244793488 NP_077162 84 kDa Mfn1 ENSMUSG00000027668 
19527330 NP_598861 50 kDa Mfsd5 ENSMUSG00000045665 
22122521 NP_666147 51 kDa Mgat2 ENSMUSG00000043998 
253683470 NP_666038 63 kDa Mgat4b ENSMUSG00000036620 
261878516 NP_001159723 35 kDa Mgll ENSMUSG00000033174 
31981068 NP_064330 18 kDa Mgst1 ENSMUSG00000008540 
13385010 NP_079845 17 kDa Mgst3 ENSMUSG00000026688 
188497650 NP_780612 32 kDa Mlec ENSMUSG00000048578 
56797739 NP_064350 55 kDa Mlycd ENSMUSG00000074064 
31541923 NP_598584 46 kDa Mmaa ENSMUSG00000037022 
21313396 NP_084232 26 kDa Mmab ENSMUSG00000029575 
31543255 NP_032630 86 kDa Mme ENSMUSG00000027820 
161484628 NP_064426 70 kDa Mocs1 ENSMUSG00000064120 
31981106 NP_065644 92 kDa Mogs ENSMUSG00000030036 
19526848 NP_598445 38 kDa Mosc2 ENSMUSG00000073481 
21312580 NP_081685 24 kDa Mospd1 ENSMUSG00000023074 
167234396 NP_084006 60 kDa Mospd2 ENSMUSG00000061778 
31981340 NP_036030 26 kDa Mpdu1 ENSMUSG00000018761 
244789999 NP_619611 33 kDa Mpst ENSMUSG00000071711 
224967062 NP_032651 165 kDa Mrc1 ENSMUSG00000026712 
84875528 NP_444388 38 kDa Mrpl1 ENSMUSG00000029486 
13385658 NP_080430 29 kDa Mrpl10 ENSMUSG00000001445 
13384980 NP_079829 21 kDa Mrpl11 ENSMUSG00000024902 
22164792 NP_081480 22 kDa Mrpl12 ENSMUSG00000039640 
21312936 NP_081035 21 kDa Mrpl13 ENSMUSG00000022370 
21312028 NP_081008 16 kDa Mrpl14 ENSMUSG00000023939 
295054166 NP_001171129 34 kDa Mrpl15 ENSMUSG00000033845 
13385976 NP_080766 34 kDa Mrpl19 ENSMUSG00000030045 
13384660 NP_079578 33 kDa Mrpl2 ENSMUSG00000002767 
20270194 NP_079846 18 kDa Mrpl20 ENSMUSG00000029066 
31982032 NP_758456 24 kDa Mrpl21 ENSMUSG00000024829 
262263310 NP_778166 24 kDa Mrpl22 ENSMUSG00000020514 
6755352 NP_035418 17 kDa Mrpl23 ENSMUSG00000037772 
16716447 NP_444391 16 kDa Mrpl27 ENSMUSG00000024414 
26787989 NP_077189 30 kDa Mrpl28 ENSMUSG00000024181 
31981470 NP_444389 39 kDa Mrpl3 ENSMUSG00000032563 
21312302 NP_081374 18 kDa Mrpl30 ENSMUSG00000026087 
21312948 NP_083547 22 kDa Mrpl32 ENSMUSG00000015672 
22128625 NP_079776 48 kDa Mrpl37 ENSMUSG00000028622 
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124430535 NP_077139 45 kDa Mrpl38 ENSMUSG00000020775 
31560438 NP_059100 35 kDa Mrpl39 ENSMUSG00000022889 
119508437 NP_075656 33 kDa Mrpl4 ENSMUSG00000003299 
113461980 NP_001026978 15 kDa Mrpl41 ENSMUSG00000036850 
124487075 NP_001074679 38 kDa Mrpl44 ENSMUSG00000026248 
13385418 NP_080203 35 kDa Mrpl45 ENSMUSG00000018882 
12963643 NP_075820 32 kDa Mrpl46 ENSMUSG00000030612 
29826332 NP_083293 30 kDa Mrpl47 ENSMUSG00000037531 
13385752 NP_080522 19 kDa Mrpl49 ENSMUSG00000007338 
30519921 NP_848718 18 kDa Mrpl50 ENSMUSG00000044018 
29789253 NP_084392 30 kDa Mrpl9 ENSMUSG00000028140 
170650663 NP_080774 20 kDa Mrps11 ENSMUSG00000030611 
48526512 NP_079820 29 kDa Mrps15 ENSMUSG00000028861 
13384854 NP_079726 13 kDa Mrps17 ENSMUSG00000034211 
260593696 NP_536700 32 kDa Mrps2 ENSMUSG00000035772 
13384904 NP_079761 41 kDa Mrps22 ENSMUSG00000032459 
27228982 NP_077136 20 kDa Mrps23 ENSMUSG00000023723 
31981257 NP_079854 20 kDa Mrps25 ENSMUSG00000014551 
46402169 NP_997090 23 kDa Mrps26 ENSMUSG00000037740 
50980303 NP_776118 48 kDa Mrps27 ENSMUSG00000041632 
254587936 NP_079710 21 kDa Mrps28 ENSMUSG00000040269 
29789128 NP_067531 50 kDa Mrps30 ENSMUSG00000021731 
33859564 NP_034400 12 kDa Mrps33 ENSMUSG00000029918 
13385670 NP_075749 26 kDa Mrps34 ENSMUSG00000038880 
148235701 NP_663548 36 kDa Mrps35 ENSMUSG00000040112 
30794474 NP_079581 28 kDa Mrps7 ENSMUSG00000046756 
169790909 NP_076003 45 kDa Mrps9 ENSMUSG00000060679 
21312752 NP_080698 29 kDa Mrrf ENSMUSG00000026887 
31981013 NP_080598 26 kDa Msra ENSMUSG00000054733 
9845273 NP_063933 42 kDa Mtch1 ENSMUSG00000024012 
9790055 NP_062732 33 kDa Mtch2 ENSMUSG00000027282 
34538600 NP_904330 57 kDa mt-Co1 ENSMUSG00000064351 
34538601 NP_904331 26 kDa mt-Co2 ENSMUSG00000064354 
31982233 NP_080278 64 kDa Mtdh ENSMUSG00000022255 
188528646 NP_955005 37 kDa Mtg1 ENSMUSG00000039018 
283135110 NP_758512 106 kDa Mthfd1l ENSMUSG00000040675 
6678952 NP_032664 38 kDa Mthfd2 ENSMUSG00000005667 
110625866 NP_598528 81 kDa Mtif2 ENSMUSG00000020459 
34538607 NP_904337 52 kDa mt-Nd4 ENSMUSG00000064363 
34538608 NP_904338 68 kDa mt-Nd5 ENSMUSG00000064367 
227330586 NP_064393 289 kDa Mtor ENSMUSG00000028991 
21312970 NP_080433 65 kDa Mtpap ENSMUSG00000024234 
254540023 NP_001156929 101 kDa Mttp ENSMUSG00000028158 
241982740 NP_038632 51 kDa Mtx1 ENSMUSG00000064068 
228480241 NP_058084 30 kDa Mtx2 ENSMUSG00000027099 
147905740 NP_083077 515 kDa Muc5b ENSMUSG00000066108 
31541787 NP_080965 40 kDa Mul1 ENSMUSG00000041241 
148540106 NP_032676 83 kDa Mut ENSMUSG00000023921 
239052674 NP_542369 97 kDa Mvp ENSMUSG00000030681 
127141012 NP_997098 521 kDa Mycbp2 ENSMUSG00000033004 
33598964 NP_780469 229 kDa Myh10 ENSMUSG00000020900 
241982716 NP_038635 223 kDa Myh11 ENSMUSG00000018830 
29336026 NP_082297 228 kDa Myh14 ENSMUSG00000030739 
114326446 NP_071855 226 kDa Myh9 ENSMUSG00000022443 
21728376 NP_075891 20 kDa Myl12b ENSMUSG00000034868 
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33620739 NP_034990 17 kDa Myl6 ENSMUSG00000090841 
240120042 NP_001155289 132 kDa Myo1b ENSMUSG00000018417 
124494242 NP_001074244 120 kDa Myo1c ENSMUSG00000017774 
118026911 NP_796364 116 kDa Myo1d ENSMUSG00000035441 
111120334 NP_796350 151 kDa Myo3b ENSMUSG00000042064 
46399202 NP_963894 211 kDa Myo5b ENSMUSG00000025885 
261823961 NP_001034635 146 kDa Myo6 ENSMUSG00000033577 
153791796 NP_001093104 233 kDa Myof ENSMUSG00000048612 
168693635 NP_032695 47 kDa Naga ENSMUSG00000022453 
254910995 NP_038820 83 kDa Naglu ENSMUSG00000001751 
13385392 NP_080174 33 kDa Napa ENSMUSG00000006024 
110625902 NP_082293 35 kDa Napg ENSMUSG00000024581 
6680552 NP_032463 46 kDa Napsa ENSMUSG00000002204 
157951696 NP_705819 54 kDa Nars2 ENSMUSG00000018995 
255003837 NP_081982 266 kDa Nbas ENSMUSG00000020576 
33469043 NP_598770 63 kDa Ncln ENSMUSG00000020238 
224809376 NP_067620 78 kDa Ncstn ENSMUSG00000003458 
42734444 NP_032332 101 kDa Ndst1 ENSMUSG00000054008 
13195624 NP_077159 41 kDa Ndufa10 ENSMUSG00000026260 
226437665 NP_081520 15 kDa Ndufa11 ENSMUSG00000002379 
27228985 NP_079827 18 kDa Ndufa12 ENSMUSG00000020022 
12963633 NP_075801 17 kDa Ndufa13 ENSMUSG00000036199 
31981600 NP_035015 11 kDa Ndufa2 ENSMUSG00000014294 
21539587 NP_079624 9 kDa Ndufa3 ENSMUSG00000035674 
33563266 NP_035016 9 kDa Ndufa4 ENSMUSG00000029632 
13386100 NP_080890 13 kDa Ndufa5 ENSMUSG00000023089 
13385492 NP_080263 15 kDa Ndufa6 ENSMUSG00000022450 
12963571 NP_075691 13 kDa Ndufa7 ENSMUSG00000041881 
21312012 NP_080979 20 kDa Ndufa8 ENSMUSG00000026895 
254692859 NP_079634 43 kDa Ndufa9 ENSMUSG00000000399 
188035926 NP_001120818 20 kDa Ndufaf2 ENSMUSG00000068184 
12963603 NP_075736 21 kDa Ndufaf3 ENSMUSG00000070283 
21624617 NP_081018 20 kDa Ndufaf4 ENSMUSG00000028261 
58037109 NP_080960 21 kDa Ndufb10 ENSMUSG00000040048 
158631246 NP_062308 17 kDa Ndufb11 ENSMUSG00000031059 
149266669 XP_001476621 15 kDa Ndufb4 ENSMUSG00000022820 
27754144 NP_079592 22 kDa Ndufb5 ENSMUSG00000027673 
84781779 NP_001028477 16 kDa Ndufb6 ENSMUSG00000071014 
13385322 NP_080119 16 kDa Ndufb7 ENSMUSG00000033938 
13385558 NP_080337 22 kDa Ndufb8 ENSMUSG00000025204 
29789148 NP_075661 22 kDa Ndufb9 ENSMUSG00000022354 
229892316 NP_663493 80 kDa Ndufs1 ENSMUSG00000025968 
23346461 NP_694704 53 kDa Ndufs2 ENSMUSG00000013593 
58037117 NP_080964 30 kDa Ndufs3 ENSMUSG00000005510 
281485615 NP_035017 20 kDa Ndufs4 ENSMUSG00000021764 
309265938 XP_003086650 13 kDa Ndufs5 ENSMUSG00000028648 
21312950 NP_083548 25 kDa Ndufs7 ENSMUSG00000020153 
46195430 NP_659119 24 kDa Ndufs8 ENSMUSG00000059734 
19526814 NP_598427 51 kDa Ndufv1 ENSMUSG00000037916 
110625954 NP_082664 27 kDa Ndufv2 ENSMUSG00000024099 
140972309 NP_084363 50 kDa Ndufv3 ENSMUSG00000024038 
161016824 NP_035041 51 kDa Nfs1 ENSMUSG00000027618 
282154801 NP_064429 29 kDa Nfu1 ENSMUSG00000029993 
27369692 NP_766089 38 kDa Nhlrc3 ENSMUSG00000042997 
6679066 NP_032724 33 kDa Nipsnap1 ENSMUSG00000034285 
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226442909 NP_082805 28 kDa Nipsnap3a ENSMUSG00000015242 
13385084 NP_079899 28 kDa Nipsnap3b ENSMUSG00000015247 
12963555 NP_075664 31 kDa Nit2 ENSMUSG00000022751 
28077051 NP_083723 80 kDa Nln ENSMUSG00000021710 
255522931 NP_848507 108 kDa Nlrx1 ENSMUSG00000032109 
117606270 NP_001070997 17 kDa Nme2 ENSMUSG00000020857 
255308888 NP_062704 19 kDa Nme3 ENSMUSG00000073435 
229608935 NP_612187 44 kDa Nme7 ENSMUSG00000026575 
21362329 NP_653116 28 kDa Nmnat3 ENSMUSG00000032456 
31543330 NP_032736 114 kDa Nnt ENSMUSG00000025453 
227908803 NP_694697 133 kDa Nomo1 ENSMUSG00000030835 
12963667 NP_075898 16 kDa Npc2 ENSMUSG00000021242 
68226731 NP_032968 103 kDa Npepps ENSMUSG00000001441 
31982437 NP_035071 41 kDa Nsdhl ENSMUSG00000031349 
31543349 NP_032766 83 kDa Nsf ENSMUSG00000034187 
21312358 NP_082418 43 kDa Nsun4 ENSMUSG00000028706 
268370191 NP_081864 65 kDa Nt5c1b ENSMUSG00000020622 
172072627 NP_080280 37 kDa Nt5c3 ENSMUSG00000029780 
110625755 NP_081565 46 kDa Nt5dc2 ENSMUSG00000071547 
111494223 NP_780540 63 kDa Nt5dc3 ENSMUSG00000054027 
167234411 NP_084036 34 kDa Nubpl ENSMUSG00000035142 
254750698 NP_001157134 53 kDa Nucb1 ENSMUSG00000030824 
194440700 NP_001123951 50 kDa Nucb2 ENSMUSG00000030659 
21312664 NP_080773 52 kDa Nudt12 ENSMUSG00000024228 
117606387 NP_080617 39 kDa Nudt13 ENSMUSG00000021809 
86198335 NP_079815 17 kDa Nudt2 ENSMUSG00000028443 
165972342 NP_077757 27 kDa Nudt7 ENSMUSG00000031767 
13384950 NP_079805 23 kDa Nudt8 ENSMUSG00000024869 
165932389 NP_573490 155 kDa Nup155 ENSMUSG00000022142 
226437676 NP_081789 227 kDa Nup205 ENSMUSG00000038759 
172073152 NP_061285 204 kDa Nup210 ENSMUSG00000030091 
254675162 NP_084213 209 kDa Nup210l ENSMUSG00000027939 
8393866 NP_058674 48 kDa Oat ENSMUSG00000030934 
190844347 NP_058597 28 kDa Oaz3 ENSMUSG00000028141 
12963675 NP_075918 28 kDa Ociad1 ENSMUSG00000029152 
58219050 NP_081226 17 kDa Ociad2 ENSMUSG00000029153 
158341656 NP_032783 28 kDa Odf1 ENSMUSG00000061923 
295054193 NP_001171132 81 kDa Odf2 ENSMUSG00000026790 
153791370 NP_081295 28 kDa Odf3 ENSMUSG00000025482 
85861164 NP_035086 116 kDa Ogdh ENSMUSG00000020456 
124487483 NP_001074599 117 kDa Ogdhl ENSMUSG00000021913 
19526960 NP_598513 111 kDa Opa1 ENSMUSG00000038084 
110625722 NP_997408 20 kDa Opa3 ENSMUSG00000052214 
283837907 NP_808282 70 kDa Os9 ENSMUSG00000040462 
34013516 NP_766496 68 kDa Ovch2 ENSMUSG00000048236 
18266680 NP_077150 56 kDa Oxct1 ENSMUSG00000022186 
160358827 NP_862907 57 kDa Oxct2b ENSMUSG00000076438 
170932556 NP_663435 35 kDa Oxnad1 ENSMUSG00000021906 
58037235 NP_081971 49 kDa Oxsm ENSMUSG00000021786 
42415475 NP_035162 57 kDa P4hb ENSMUSG00000025130 
66392180 NP_081308 28 kDa Pacrg ENSMUSG00000037196 
225579137 NP_598641 44 kDa Pafah2 ENSMUSG00000037366 
13385434 NP_080215 47 kDa Paics ENSMUSG00000029247 
13385012 NP_079847 14 kDa Pam16 ENSMUSG00000014301 
55741460 NP_065594 20 kDa Park7 ENSMUSG00000028964 
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52421794 NP_082557 15 kDa Pcbd2 ENSMUSG00000021496 
254540162 NP_659093 80 kDa Pcca ENSMUSG00000041650 
13385310 NP_080111 58 kDa Pccb ENSMUSG00000032527 
28077029 NP_083270 73 kDa Pck2 ENSMUSG00000040618 
251823978 NP_032823 130 kDa Pcx ENSMUSG00000024892 
13385294 NP_080099 56 kDa Pcyox1 ENSMUSG00000029998 
27370248 NP_766420 55 kDa Pcyox1l ENSMUSG00000024579 
6679261 NP_032836 43 kDa Pdha1 ENSMUSG00000031299 
6679263 NP_032837 43 kDa Pdha2 ENSMUSG00000047674 
18152793 NP_077183 39 kDa Pdhb ENSMUSG00000021748 
28201978 NP_780303 54 kDa Pdhx ENSMUSG00000010914 
112293264 NP_031978 57 kDa Pdia3 ENSMUSG00000027248 
86198316 NP_033917 72 kDa Pdia4 ENSMUSG00000025823 
30794140 NP_082571 59 kDa Pdia5 ENSMUSG00000022844 
309262617 XP_003085845 47 kDa Pdia6 ENSMUSG00000020571 
58037267 NP_082235 49 kDa Pdia6 ENSMUSG00000020571 
110625975 NP_766253 49 kDa Pdk1 ENSMUSG00000006494 
226958643 NP_598428 46 kDa Pdk2 ENSMUSG00000038967 
21704122 NP_663605 48 kDa Pdk3 ENSMUSG00000035232 
38142488 NP_938050 99 kDa Pdpr ENSMUSG00000033624 
88758582 NP_444411 87 kDa Pdxdc1 ENSMUSG00000022680 
84794552 NP_061346 21 kDa Pebp1 ENSMUSG00000032959 
227908837 NP_076012 32 kDa Pecr ENSMUSG00000026189 
61657895 NP_082053 137 kDa Pex1 ENSMUSG00000005907 
6755034 NP_035198 28 kDa Pex11a ENSMUSG00000030545 
241666481 NP_035199 29 kDa Pex11b ENSMUSG00000028102 
21735445 NP_081227 27 kDa Pex11c ENSMUSG00000069633 
19527244 NP_598786 41 kDa Pex12 ENSMUSG00000018733 
9790153 NP_062755 41 kDa Pex14 ENSMUSG00000028975 
9910484 NP_064345 42 kDa Pex3 ENSMUSG00000019809 
21703962 NP_663463 105 kDa Pex6 ENSMUSG00000002763 
9790051 NP_062677 85 kDa Pfkp ENSMUSG00000021196 
6755040 NP_035202 15 kDa Pfn1 ENSMUSG00000018293 
254587962 NP_001157010 32 kDa Pgam5 ENSMUSG00000029500 
254028203 NP_001156786 105 kDa Pgap1 ENSMUSG00000070889 
21704172 NP_663558 29 kDa Pgap2 ENSMUSG00000030990 
148232950 NP_061225 52 kDa Pgcp ENSMUSG00000039007 
31980806 NP_058063 22 kDa Pgrmc1 ENSMUSG00000006373 
226442772 NP_081834 23 kDa Pgrmc2 ENSMUSG00000049940 
110626163 NP_598518 62 kDa Pgs1 ENSMUSG00000017715 
6679299 NP_032857 30 kDa Phb ENSMUSG00000038845 
126723336 NP_031557 33 kDa Phb2 ENSMUSG00000004264 
52353955 NP_058662 57 kDa Phgdh ENSMUSG00000053398 
6754564 NP_034856 39 kDa Phyh ENSMUSG00000026664 
241982771 NP_001001983 231 kDa Pi4ka ENSMUSG00000041720 
124486987 NP_001074703 108 kDa Pigg ENSMUSG00000029263 
41351529 NP_958808 62 kDa Pigs ENSMUSG00000041958 
120587021 NP_598540 66 kDa Pigt ENSMUSG00000017721 
126722757 NP_796272 46 kDa Pisd ENSMUSG00000023452 
21699068 NP_660113 117 kDa Pitrm1 ENSMUSG00000021193 
31981562 NP_035229 58 kDa Pkm2 ENSMUSG00000032294 
9790161 NP_062619 81 kDa Pkp1 ENSMUSG00000026413 
170295846 NP_075685 21 kDa Pla2g12a ENSMUSG00000027999 
31560090 NP_076114 66 kDa Plbd2 ENSMUSG00000029598 
254675115 NP_001157012 534 kDa Plec ENSMUSG00000022565 
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21704120 NP_663604 71 kDa Pls3 ENSMUSG00000016382 
226958474 NP_620088 206 kDa Plxnb2 ENSMUSG00000036606 
227908835 NP_835180 56 kDa Pm20d1 ENSMUSG00000042251 
31981217 NP_068682 66 kDa Pmel ENSMUSG00000025359 
27502349 NP_775272 58 kDa Pmpca ENSMUSG00000026926 
95113671 NP_082707 55 kDa Pmpcb ENSMUSG00000029017 
170763470 NP_056616 147 kDa Pnpla6 ENSMUSG00000004565 
118130807 NP_080440 87 kDa Pnpla8 ENSMUSG00000036257 
25188204 NP_082145 86 kDa Pnpt1 ENSMUSG00000020464 
31657132 NP_853557 68 kDa Pof1b ENSMUSG00000034607 
84794593 NP_536711 45 kDa Pofut1 ENSMUSG00000046020 
14780884 NP_080665 42 kDa Poldip2 ENSMUSG00000001100 
22267452 NP_080927 75 kDa Pomgnt1 ENSMUSG00000028700 
34303979 NP_899131 40 kDa Pon2 ENSMUSG00000032667 
27370510 NP_766594 39 kDa Pon3 ENSMUSG00000029759 
6679421 NP_032924 77 kDa Por ENSMUSG00000005514 
22203753 NP_666253 38 kDa Ppa2 ENSMUSG00000028013 
124487352 NP_082276 29 kDa Ppapdc1b ENSMUSG00000031570 
77861908 NP_083198 32 kDa Ppapdc2 ENSMUSG00000040105 
71774133 NP_035279 24 kDa Ppib ENSMUSG00000032383 
19527310 NP_598845 22 kDa Ppif ENSMUSG00000021868 
6679445 NP_032937 51 kDa Ppox ENSMUSG00000062729 
31980772 NP_038664 37 kDa Ppp1cc ENSMUSG00000004455 
9506983 NP_062284 36 kDa Ppp2ca ENSMUSG00000020349 
121674797 NP_032943 34 kDa Ppt1 ENSMUSG00000028657 
46195809 NP_796216 33 kDa Pptc7 ENSMUSG00000038582 
20070422 NP_613068 19 kDa Praf2 ENSMUSG00000031149 
6754976 NP_035164 22 kDa Prdx1 ENSMUSG00000028691 
148747558 NP_035693 22 kDa Prdx2 ENSMUSG00000005161 
6680690 NP_031478 28 kDa Prdx3 ENSMUSG00000024997 
7948999 NP_058044 31 kDa Prdx4 ENSMUSG00000025289 
6755114 NP_036151 22 kDa Prdx5 ENSMUSG00000024953 
309266780 XP_003086860 27 kDa Prdx6 ENSMUSG00000026701 
158749640 NP_057912 45 kDa Preb ENSMUSG00000045302 
22550094 NP_032950 46 kDa Prkar2a ENSMUSG00000032601 
6679465 NP_032951 59 kDa Prkcsh ENSMUSG00000003402 
118601004 NP_035302 68 kDa Prodh ENSMUSG00000003526 
254675296 NP_032961 96 kDa Prom1 ENSMUSG00000029086 
224994182 NP_620089 93 kDa Prom2 ENSMUSG00000027376 
16930823 NP_473398 30 kDa Prosc ENSMUSG00000031485 
13386146 NP_080938 35 kDa Prps2 ENSMUSG00000025742 
16716569 NP_444473 26 kDa Prss1 ENSMUSG00000062751 
11055972 NP_065233 36 kDa Prss21 ENSMUSG00000024116 
124486704 NP_001074532 36 kDa Prss55 ENSMUSG00000034623 
225735645 NP_035309 61 kDa Psap ENSMUSG00000004207 
134031994 NP_032970 26 kDa Psma2 ENSMUSG00000015671 
7106387 NP_036097 26 kDa Psma5 ENSMUSG00000068749 
254692831 NP_001157081 28 kDa Psma8 ENSMUSG00000036743 
7242197 NP_035315 26 kDa Psmb1 ENSMUSG00000014769 
227116345 NP_036100 23 kDa Psmb2 ENSMUSG00000028837 
6755202 NP_036101 23 kDa Psmb3 ENSMUSG00000069744 
33469980 NP_081551 78 kDa Ptcd3 ENSMUSG00000063884 
260763900 NP_598544 43 kDa Ptges2 ENSMUSG00000026820 
6679537 NP_032995 69 kDa Ptgs1 ENSMUSG00000047250 
171184435 NP_067320 43 kDa Ptplad1 ENSMUSG00000033629 
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84872191 NP_076076 28 kDa Ptplb ENSMUSG00000035376 
23956130 NP_079852 29 kDa Ptpmt1 ENSMUSG00000063235 
61098100 NP_062625 68 kDa Ptpn9 ENSMUSG00000032290 
149363634 NP_001092280 20 kDa Ptrh2 ENSMUSG00000072582 
112421058 NP_033019 22 kDa Pxmp2 ENSMUSG00000029499 
21687248 NP_033020 35 kDa Pxmp3 ENSMUSG00000040374 
21450149 NP_659044 32 kDa Pycr1 ENSMUSG00000025140 
19526878 NP_598466 34 kDa Pycr2 ENSMUSG00000026520 
125858598 NP_083287 63 kDa Pyroxd2 ENSMUSG00000060224 
21312520 NP_077198 26 kDa Qdpr ENSMUSG00000015806 
31560195 NP_080387 43 kDa Qpctl ENSMUSG00000030407 
124486688 NP_001074523 57 kDa Qrsl1 ENSMUSG00000019863 
23956334 NP_705787 71 kDa Qsox2 ENSMUSG00000036327 
6679587 NP_033022 23 kDa Rab1 ENSMUSG00000020149 
7710086 NP_057885 23 kDa Rab10 ENSMUSG00000020671 
6679583 NP_033023 24 kDa Rab11b ENSMUSG00000077450 
18390323 NP_080973 24 kDa Rab14 ENSMUSG00000026878 
30841008 NP_851415 23 kDa Rab18 ENSMUSG00000073639 
21313162 NP_083852 22 kDa Rab1b ENSMUSG00000024870 
33859751 NP_077774 24 kDa Rab21 ENSMUSG00000020132 
148747177 NP_077756 22 kDa Rab22a ENSMUSG00000027519 
6679591 NP_033026 23 kDa Rab24 ENSMUSG00000034789 
10946940 NP_067493 24 kDa Rab2a ENSMUSG00000047187 
8394133 NP_058554 26 kDa Rab33b ENSMUSG00000027739 
37718983 NP_937806 23 kDa Rab35 ENSMUSG00000029518 
261862303 NP_001159871 25 kDa Rab3a ENSMUSG00000031840 
21313012 NP_083667 24 kDa Rab4b ENSMUSG00000053291 
13385374 NP_080163 24 kDa Rab5a ENSMUSG00000017831 
28916687 NP_803130 24 kDa Rab5b ENSMUSG00000000711 
113866024 NP_077776 23 kDa Rab5c ENSMUSG00000019173 
254750706 NP_001157135 24 kDa Rab6a ENSMUSG00000030704 
148747526 NP_033031 23 kDa Rab7 ENSMUSG00000079477 
38372905 NP_075615 24 kDa Rab8a ENSMUSG00000003037 
9790227 NP_062747 23 kDa Rab9 ENSMUSG00000079316 
45592934 NP_033033 21 kDa Rac1 ENSMUSG00000001847 
34328471 NP_062364 24 kDa Rala ENSMUSG00000008859 
11612509 NP_071722 23 kDa Ralb ENSMUSG00000004451 
13249349 NP_075635 124 kDa Ranbp17 ENSMUSG00000040594 
21704066 NP_663516 21 kDa Rap1a ENSMUSG00000068798 
33859753 NP_077777 21 kDa Rap1b ENSMUSG00000052681 
240120047 NP_852071 65 kDa Rars2 ENSMUSG00000028292 
6677691 NP_033063 38 kDa Rcn1 ENSMUSG00000005973 
114205428 NP_036122 37 kDa Rcn2 ENSMUSG00000032320 
19482172 NP_067532 35 kDa Rdh11 ENSMUSG00000066441 
58037513 NP_084293 35 kDa Rdh12 ENSMUSG00000021123 
12963791 NP_076186 36 kDa Rdh14 ENSMUSG00000020621 
13385882 NP_080671 23 kDa Rer1 ENSMUSG00000029048 
27229283 NP_077195 27 kDa Rexo2 ENSMUSG00000032026 
229092834 NP_062773 55 kDa Rhcg ENSMUSG00000030549 
31542143 NP_058082 22 kDa Rhoa ENSMUSG00000007815 
9625037 NP_062512 21 kDa Rhog ENSMUSG00000073982 
254039727 NP_001156826 76 kDa Rhot1 ENSMUSG00000017686 
22122457 NP_666111 69 kDa Rhot2 ENSMUSG00000025733 
226423886 NP_079619 52 kDa Rmnd1 ENSMUSG00000019763 
59858541 NP_001011875 17 kDa Rnase12 ENSMUSG00000068407 
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118200345 NP_898853 21 kDa Rnase9 ENSMUSG00000052382 
224809379 NP_001028307 43 kDa Rnf149 ENSMUSG00000048234 
309262466 XP_001476701 592 kDa Rnf213 ENSMUSG00000070327 
21313294 NP_084064 45 kDa Rnft1 ENSMUSG00000020521 
268370211 NP_001161290 33 kDa Rnls ENSMUSG00000071573 
13507710 NP_109669 24 kDa Ropn1 ENSMUSG00000022832 
255003735 NP_035417 25 kDa Rpl10a ENSMUSG00000037805 
13385408 NP_080195 20 kDa Rpl11 ENSMUSG00000059291 
149251177 XP_001474740 24 kDa Rpl13 ENSMUSG00000000740 
13385472 NP_080250 24 kDa Rpl14 ENSMUSG00000025794 
13385036 NP_079862 24 kDa Rpl15 ENSMUSG00000012405 
161484662 NP_001002239 21 kDa Rpl17 ENSMUSG00000062328 
83699424 NP_033103 22 kDa Rpl18 ENSMUSG00000059070 
58037465 NP_084027 21 kDa Rpl18a ENSMUSG00000045128 
309265792 XP_003086606 15 kDa Rpl22 ENSMUSG00000028936 
12584986 NP_075029 15 kDa Rpl23 ENSMUSG00000071415 
255308899 NP_038790 46 kDa Rpl3 ENSMUSG00000060036 
254553337 NP_001156957 13 kDa Rpl30 ENSMUSG00000058600 
25742730 NP_742083 16 kDa Rpl32 ENSMUSG00000057841 
160333837 NP_061200 12 kDa Rpl36 ENSMUSG00000057863 
114205440 NP_001041523 8 kDa Rpl38 ENSMUSG00000057322 
30794450 NP_077174 47 kDa Rpl4 ENSMUSG00000032399 
31981515 NP_035421 31 kDa Rpl7 ENSMUSG00000043716 
7305443 NP_038749 30 kDa Rpl7a ENSMUSG00000062647 
6755358 NP_036183 28 kDa Rpl8 ENSMUSG00000003970 
9256519 NP_061341 11 kDa Rplp1 ENSMUSG00000007892 
282398108 NP_598694 69 kDa Rpn1 ENSMUSG00000030062 
34996495 NP_062616 69 kDa Rpn2 ENSMUSG00000027642 
31981100 NP_065625 16 kDa Rps14 ENSMUSG00000024608 
158966704 NP_038675 16 kDa Rps16 ENSMUSG00000037563 
18087805 NP_032529 31 kDa Rps2 ENSMUSG00000044533 
149267855 XP_001000635 15 kDa Rps24 ENSMUSG00000025290 
13195690 NP_077239 18 kDa Rps27a ENSMUSG00000020460 
6755372 NP_036182 27 kDa Rps3 ENSMUSG00000030744 
6677805 NP_033120 30 kDa Rps4x ENSMUSG00000031320 
6755376 NP_035430 22 kDa Rps7 ENSMUSG00000061477 
149257598 XP_001474155 24 kDa Rps8 ENSMUSG00000047675 
224994260 NP_035159 33 kDa Rpsa ENSMUSG00000032518 
6677819 NP_033127 24 kDa Rras ENSMUSG00000038387 
227908775 NP_112545 80 kDa Rsph6a ENSMUSG00000040866 
21312974 NP_083614 31 kDa Rsph9 ENSMUSG00000023966 
254675102 NP_001157005 42 kDa Rtdr1 ENSMUSG00000009070 
16716353 NP_444306 25 kDa Rtn3 ENSMUSG00000024758 
34610233 NP_918941 38 kDa Rtn4 ENSMUSG00000020458 
31543608 NP_570962 43 kDa Rtn4ip1 ENSMUSG00000019864 
21886811 NP_058020 11 kDa S100a11 ENSMUSG00000027907 
13507622 NP_109617 67 kDa Sacm1l ENSMUSG00000025240 
30519943 NP_848729 52 kDa Samm50 ENSMUSG00000022437 
21703344 NP_033146 22 kDa Sar1a ENSMUSG00000020088 
20149748 NP_619606 102 kDa Sardh ENSMUSG00000009614 
228008415 NP_076126 58 kDa Sars2 ENSMUSG00000070699 
58037395 NP_083429 38 kDa Scamp1 ENSMUSG00000021687 
12331398 NP_073724 36 kDa Scamp2 ENSMUSG00000040188 
30520019 NP_848768 47 kDa Sccpdh ENSMUSG00000038936 
58037481 NP_084101 72 kDa Scfd1 ENSMUSG00000020952 
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167900448 NP_001108132 75 kDa Scfd2 ENSMUSG00000062110 
45476581 NP_035457 59 kDa Scp2 ENSMUSG00000028603 
11612505 NP_071719 24 kDa Sdf2l1 ENSMUSG00000022769 
6755446 NP_035471 42 kDa Sdf4 ENSMUSG00000029076 
54607098 NP_075770 73 kDa Sdha ENSMUSG00000021577 
34328286 NP_075863 32 kDa Sdhb ENSMUSG00000009863 
27229021 NP_080124 17 kDa Sdhd ENSMUSG00000000171 
131889222 NP_001076444 31 kDa Sdr39u1 ENSMUSG00000022223 
21311981 NP_083001 44 kDa Sdr42e1 ENSMUSG00000034308 
9910550 NP_064335 21 kDa Sec11a ENSMUSG00000025724 
21313554 NP_079744 22 kDa Sec11c ENSMUSG00000024516 
6755448 NP_035472 25 kDa Sec22b ENSMUSG00000027879 
67906177 NP_033173 86 kDa Sec23a ENSMUSG00000020986 
269954698 NP_766184 119 kDa Sec24c ENSMUSG00000039367 
244791271 NP_081245 134 kDa Sec31a ENSMUSG00000035325 
8394252 NP_058602 52 kDa Sec61a1 ENSMUSG00000030082 
158937300 NP_694695 88 kDa Sec63 ENSMUSG00000019802 
46309573 NP_035474 82 kDa Sel1l ENSMUSG00000020964 
16716395 NP_444332 18 kDa Sep15 ENSMUSG00000037072 
28173550 NP_033989 51 kDa Sept7 ENSMUSG00000001833 
13443008 NP_075964 35 kDa Serhl ENSMUSG00000058586 
6678079 NP_033269 46 kDa Serpina1a ENSMUSG00000066366 
161353502 NP_033955 47 kDa Serpinh1 ENSMUSG00000070436 
15147224 NP_081600 36 kDa Sfxn1 ENSMUSG00000021474 
86439984 NP_444426 36 kDa Sfxn2 ENSMUSG00000025036 
16716499 NP_444427 35 kDa Sfxn3 ENSMUSG00000025212 
31543694 NP_033189 64 kDa Sgpl1 ENSMUSG00000020097 
13507712 NP_109675 48 kDa Sgpp1 ENSMUSG00000021054 
21312298 NP_082506 56 kDa Shmt2 ENSMUSG00000025403 
7305489 NP_038693 35 kDa Shox2 ENSMUSG00000093425 
257196264 NP_109674 52 kDa Sil1 ENSMUSG00000024357 
125347351 NP_898984 48 kDa Slc17a9 ENSMUSG00000023393 
6678001 NP_033225 57 kDa Slc1a1 ENSMUSG00000024935 
23943838 NP_694790 34 kDa Slc25a1 ENSMUSG00000003528 
254826790 NP_038798 32 kDa Slc25a10 ENSMUSG00000025792 
21312994 NP_077173 34 kDa Slc25a11 ENSMUSG00000014606 
27369581 NP_766024 75 kDa Slc25a12 ENSMUSG00000027010 
294832028 NP_001171043 74 kDa Slc25a13 ENSMUSG00000015112 
31044465 NP_851842 33 kDa Slc25a15 ENSMUSG00000031482 
30424808 NP_780403 36 kDa Slc25a16 ENSMUSG00000071253 
29789024 NP_035529 34 kDa Slc25a17 ENSMUSG00000022404 
10048462 NP_065266 33 kDa Slc25a20 ENSMUSG00000032602 
269784687 NP_766165 33 kDa Slc25a21 ENSMUSG00000035472 
21311845 NP_080922 35 kDa Slc25a22 ENSMUSG00000019082 
27369998 NP_766273 53 kDa Slc25a24 ENSMUSG00000040322 
31044469 NP_851845 33 kDa Slc25a29 ENSMUSG00000021265 
149258501 XP_001475977 40 kDa Slc25a3 ENSMUSG00000061904 
13385736 NP_080508 32 kDa Slc25a30 ENSMUSG00000022003 
254692892 NP_848473 35 kDa Slc25a31 ENSMUSG00000069041 
168480117 NP_765990 35 kDa Slc25a32 ENSMUSG00000022299 
21312550 NP_082324 33 kDa Slc25a35 ENSMUSG00000018740 
148747424 NP_031476 33 kDa Slc25a4 ENSMUSG00000031633 
158749545 NP_848881 38 kDa Slc25a40 ENSMUSG00000054099 
56090652 NP_001007571 35 kDa Slc25a42 ENSMUSG00000002346 
23956272 NP_598915 32 kDa Slc25a45 ENSMUSG00000024818 
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22094075 NP_031477 33 kDa Slc25a5 ENSMUSG00000016319 
6755546 NP_036107 71 kDa Slc27a1 ENSMUSG00000031808 
113374154 NP_036108 70 kDa Slc27a2 ENSMUSG00000027359 
45597453 NP_036119 72 kDa Slc27a4 ENSMUSG00000059316 
12963743 NP_076085 52 kDa Slc29a3 ENSMUSG00000020100 
261862282 NP_035531 53 kDa Slc2a3 ENSMUSG00000003153 
67763826 NP_075023 84 kDa Slc30a5 ENSMUSG00000021629 
12963579 NP_075703 42 kDa Slc30a7 ENSMUSG00000054414 
125660458 NP_848766 63 kDa Slc30a9 ENSMUSG00000029221 
31543730 NP_056543 61 kDa Slc33a1 ENSMUSG00000027822 
225543514 NP_036025 36 kDa Slc35a1 ENSMUSG00000028293 
145279183 NP_511039 41 kDa Slc35a2 ENSMUSG00000031156 
110625963 NP_082938 42 kDa Slc35b2 ENSMUSG00000037089 
165377022 NP_808434 44 kDa Slc35e1 ENSMUSG00000019731 
51592076 NP_032089 46 kDa Slc37a4 ENSMUSG00000032114 
258645133 NP_001158270 117 kDa Slc38a10 ENSMUSG00000061306 
154350209 NP_766067 53 kDa Slc38a5 ENSMUSG00000031170 
118150668 NP_001071177 51 kDa Slc39a7 ENSMUSG00000024327 
238637277 NP_001154885 62 kDa Slc3a2 ENSMUSG00000010095 
6755560 NP_035533 103 kDa Slc4a1 ENSMUSG00000006574 
188497726 NP_033083 25 kDa Slc50a1 ENSMUSG00000027953 
31982764 NP_035534 56 kDa Slc7a5 ENSMUSG00000040010 
15011842 NP_032600 21 kDa Smcp ENSMUSG00000074435 
6678031 NP_033239 47 kDa Smpd2 ENSMUSG00000019822 
19923056 NP_598615 15 kDa Snapin ENSMUSG00000001018 
40018610 NP_796188 245 kDa Snrnp200 ENSMUSG00000003660 
45597447 NP_035564 16 kDa Sod1 ENSMUSG00000022982 
31980762 NP_038699 25 kDa Sod2 ENSMUSG00000006818 
34610211 NP_064356 91 kDa Sort1 ENSMUSG00000068747 
21312846 NP_080569 33 kDa Spaca1 ENSMUSG00000028264 
269847788 NP_001034652 13 kDa Spag11b ENSMUSG00000059463 
7657607 NP_056588 55 kDa Spag6 ENSMUSG00000022783 
226442916 NP_848474 60 kDa Spata18 ENSMUSG00000029155 
19526759 NP_083575 18 kDa Spata19 ENSMUSG00000031991 
13385134 NP_079944 25 kDa Spcs2 ENSMUSG00000035227 
125988403 NP_083977 20 kDa Spcs3 ENSMUSG00000054408 
13385180 NP_079997 45 kDa Spesp1 ENSMUSG00000046846 
19263328 NP_083601 15 kDa Spinlw1 ENSMUSG00000017733 
127139427 NP_001076017 22 kDa Spint2 ENSMUSG00000074227 
19526481 NP_035595 280 kDa Spna1 ENSMUSG00000026532 
115496850 NP_001070022 285 kDa Spna2 ENSMUSG00000057738 
84490394 NP_038703 268 kDa Spnb1 ENSMUSG00000021061 
117938332 NP_787030 274 kDa Spnb2 ENSMUSG00000020315 
58037095 NP_079992 23 kDa Spryd4 ENSMUSG00000051346 
29244577 NP_033295 53 kDa Sptlc1 ENSMUSG00000021468 
244790045 NP_067482 50 kDa Sqrdl ENSMUSG00000005803 
16716485 NP_444418 29 kDa Srd5a2 ENSMUSG00000038541 
6678137 NP_033301 30 kDa Srprb ENSMUSG00000032553 
47059026 NP_997633 17 kDa Ssbp1 ENSMUSG00000029911 
165377206 NP_080241 32 kDa Ssr1 ENSMUSG00000021427 
262050625 NP_001159952 19 kDa Ssr4 ENSMUSG00000002014 
6677957 NP_033203 39 kDa St3gal1 ENSMUSG00000013846 
159110598 NP_033205 40 kDa St3gal2 ENSMUSG00000031749 
22122355 NP_666045 47 kDa St6gal1 ENSMUSG00000022885 
31543707 NP_033206 42 kDa St6galnac2 ENSMUSG00000057286 
253 
6755512 NP_035503 34 kDa St6galnac4 ENSMUSG00000079442 
7710018 NP_038543 31 kDa Stom ENSMUSG00000026880 
12963591 NP_075720 38 kDa Stoml2 ENSMUSG00000028455 
148747128 NP_032434 81 kDa Stt3a ENSMUSG00000032116 
61651673 NP_077184 93 kDa Stt3b ENSMUSG00000032437 
19527102 NP_598648 31 kDa Stx12 ENSMUSG00000028879 
268370181 NP_062803 40 kDa Stx5a ENSMUSG00000010110 
31560462 NP_058077 30 kDa Stx7 ENSMUSG00000019998 
9055356 NP_061238 27 kDa Stx8 ENSMUSG00000020903 
46849708 NP_035636 50 kDa Sucla2 ENSMUSG00000022110 
255958286 NP_063932 36 kDa Suclg1 ENSMUSG00000052738 
165972309 NP_035637 47 kDa Suclg2 ENSMUSG00000061838 
74024924 NP_776094 61 kDa Suox ENSMUSG00000049858 
31088872 NP_852088 87 kDa Supv3l1 ENSMUSG00000020079 
160707899 NP_038705 35 kDa Surf1 ENSMUSG00000015790 
6755698 NP_035642 30 kDa Surf4 ENSMUSG00000014867 
13384642 NP_079568 16 kDa Synj2bp ENSMUSG00000090935 
226958374 NP_038663 29 kDa Sypl ENSMUSG00000020570 
7305099 NP_038785 76 kDa Sytl4 ENSMUSG00000031255 
39930435 NP_081622 32 kDa Taco1 ENSMUSG00000001983 
239915963 NP_035660 77 kDa Tap2 ENSMUSG00000024339 
254692865 NP_082207 82 kDa Tars2 ENSMUSG00000028107 
291190859 NP_001167018 30 kDa Taz ENSMUSG00000009995 
31543845 NP_038791 50 kDa Tbl2 ENSMUSG00000005374 
149261777 XP_001475770 61 kDa Tbrg4 ENSMUSG00000000384 
19923070 NP_598879 36 kDa Tecr ENSMUSG00000031708 
229892334 NP_839975 35 kDa Teddm1 ENSMUSG00000047053 
117956379 NP_035699 49 kDa Tekt1 ENSMUSG00000020799 
148225693 NP_036032 50 kDa Tekt2 ENSMUSG00000028845 
62078759 NP_081936 57 kDa Tekt3 ENSMUSG00000042189 
110625871 NP_082227 52 kDa Tekt4 ENSMUSG00000024175 
149944431 NP_001092745 48 kDa Tekt5 ENSMUSG00000039179 
9910582 NP_064365 27 kDa Tex101 ENSMUSG00000062773 
6678303 NP_033386 28 kDa Tfam ENSMUSG00000003923 
22122569 NP_666186 39 kDa Tfb1m ENSMUSG00000036983 
239787887 NP_064368 90 kDa Tgm1 ENSMUSG00000022218 
124001551 NP_033400 77 kDa Tgm3 ENSMUSG00000027401 
213512208 NP_082195 43 kDa Tha1 ENSMUSG00000017713 
110626050 NP_083707 26 kDa Them4 ENSMUSG00000028145 
29243946 NP_808256 83 kDa Thnsl1 ENSMUSG00000048550 
7305581 NP_038923 10 kDa Timm13 ENSMUSG00000020219 
33468937 NP_035721 18 kDa Timm17b ENSMUSG00000031158 
31543865 NP_062792 20 kDa Timm22 ENSMUSG00000020843 
254675168 NP_058593 22 kDa Timm23 ENSMUSG00000013701 
170763467 NP_035722 51 kDa Timm44 ENSMUSG00000002949 
22094989 NP_079892 40 kDa Timm50 ENSMUSG00000003438 
67846099 NP_001020025 10 kDa Timm9 ENSMUSG00000021079 
227116327 NP_035732 270 kDa Tln1 ENSMUSG00000028465 
117414164 NP_082730 47 kDa Tm7sf2 ENSMUSG00000024799 
27229185 NP_083056 69 kDa Tm9sf1 ENSMUSG00000002320 
188528894 NP_542123 75 kDa Tm9sf2 ENSMUSG00000025544 
19111162 NP_579930 68 kDa Tm9sf3 ENSMUSG00000025016 
31542095 NP_598608 75 kDa Tm9sf4 ENSMUSG00000068040 
85362703 NP_034874 25 kDa Tmed1 ENSMUSG00000032180 
21312062 NP_081051 25 kDa Tmed10 ENSMUSG00000021248 
254 
281427153 NP_079636 25 kDa Tmed3 ENSMUSG00000032353 
19527236 NP_598781 26 kDa Tmed4 ENSMUSG00000004394 
21746165 NP_083152 26 kDa Tmed5 ENSMUSG00000063406 
255003819 NP_079974 25 kDa Tmed7 ENSMUSG00000033184 
145966911 NP_080487 27 kDa Tmed9 ENSMUSG00000058569 
19527378 NP_598903 26 kDa Tmem109 ENSMUSG00000034659 
28827824 NP_780310 30 kDa Tmem111 ENSMUSG00000030286 
9790165 NP_062678 38 kDa Tmem115 ENSMUSG00000010045 
13384870 NP_079736 22 kDa Tmem126a ENSMUSG00000030615 
228008286 NP_082619 52 kDa Tmem135 ENSMUSG00000039428 
13384766 NP_079663 12 kDa Tmem14c ENSMUSG00000021361 
111154067 NP_035756 35 kDa Tmem165 ENSMUSG00000029234 
22267448 NP_083251 28 kDa Tmem33 ENSMUSG00000037720 
84095197 NP_001028443 30 kDa Tmem55b ENSMUSG00000035953 
158631230 NP_080708 39 kDa Tmem66 ENSMUSG00000031532 
13386014 NP_080795 20 kDa Tmem85 ENSMUSG00000027131 
160333201 NP_776095 64 kDa Tmem87a ENSMUSG00000033808 
124487429 NP_001074580 122 kDa Tmf1 ENSMUSG00000030059 
20270297 NP_620097 50 kDa Tmlhe ENSMUSG00000079834 
309266624 XP_003086812 49 kDa Tmppe  
158517929 NP_001103483 104 kDa Tmtc3 ENSMUSG00000036676 
33859722 NP_082615 31 kDa Tmx1 ENSMUSG00000021072 
21313210 NP_080144 34 kDa Tmx2 ENSMUSG00000050043 
117606385 NP_938037 52 kDa Tmx3 ENSMUSG00000024614 
115385966 NP_001041732 101 kDa Tnpo1 ENSMUSG00000009470 
13324686 NP_077176 16 kDa Tomm20 ENSMUSG00000058779 
31982091 NP_766197 16 kDa Tomm22 ENSMUSG00000022427 
157909797 NP_058567 38 kDa Tomm40 ENSMUSG00000002984 
27552760 NP_613065 68 kDa Tomm70a ENSMUSG00000022752 
224809275 NP_075630 44 kDa Tor3a ENSMUSG00000060519 
31560247 NP_079758 24 kDa Tpd52l2 ENSMUSG00000000827 
226958349 NP_033441 32 kDa Tpi1 ENSMUSG00000023456 
6753448 NP_034036 61 kDa Tpp1 ENSMUSG00000030894 
270309140 NP_598541 274 kDa Tpr ENSMUSG00000006005 
130496076 NP_034911 31 kDa Tpsb2 ENSMUSG00000033825 
170172566 NP_033445 44 kDa Tpst2 ENSMUSG00000029344 
117606383 NP_080761 42 kDa Trabd ENSMUSG00000015363 
13385998 NP_080784 80 kDa Trap1 ENSMUSG00000005981 
66730565 NP_001019377 17 kDa Trappc1 ENSMUSG00000049299 
124486684 NP_001074524 141 kDa Trappc10 ENSMUSG00000000374 
157266281 NP_079977 21 kDa Trappc5 ENSMUSG00000040236 
58037519 NP_084333 18 kDa Trappc6b ENSMUSG00000020993 
291621688 NP_796012 161 kDa Trappc8 ENSMUSG00000033382 
20330802 NP_598738 77 kDa Trf ENSMUSG00000032554 
226531227 NP_082722 226 kDa Trip11 ENSMUSG00000021188 
21312518 NP_082339 47 kDa Trmu ENSMUSG00000022386 
84781771 NP_001034085 26 kDa Try10 ENSMUSG00000071521 
21313468 NP_079813 35 kDa Tsfm ENSMUSG00000040521 
46402207 NP_997111 81 kDa Tsga10 ENSMUSG00000060771 
6678449 NP_033463 33 kDa Tst ENSMUSG00000044986 
13385196 NP_080012 35 kDa Ttc35 ENSMUSG00000022337 
6755901 NP_035783 50 kDa Tuba1a ENSMUSG00000072235 
6678469 NP_033474 50 kDa Tuba1c ENSMUSG00000043091 
6678465 NP_033472 50 kDa Tuba3a ENSMUSG00000067702 
31981939 NP_033477 50 kDa Tubb4a ENSMUSG00000062591 
255 
22165384 NP_666228 50 kDa Tubb4b ENSMUSG00000036752 
7106439 NP_035785 50 kDa Tubb5 ENSMUSG00000001525 
27370092 NP_766333 50 kDa Tufm ENSMUSG00000073838 
13384700 NP_079610 19 kDa Txndc12 ENSMUSG00000028567 
83921612 NP_663342 46 kDa Txndc5 ENSMUSG00000038991 
102468565 NP_038739 57 kDa Txnrd2 ENSMUSG00000075704 
20149754 NP_619609 53 kDa Ufsp2 ENSMUSG00000031634 
7106443 NP_035803 45 kDa Ugcg ENSMUSG00000028381 
236466498 NP_942602 176 kDa Uggt1 ENSMUSG00000037470 
158749642 NP_001074721 173 kDa Uggt2 ENSMUSG00000042104 
33186906 NP_659545 60 kDa Ugt1a6a ENSMUSG00000054545 
213512915 NP_061376 34 kDa Uqcc ENSMUSG00000005882 
37574048 NP_932096 7 kDa Uqcr10 ENSMUSG00000059534 
13385726 NP_080495 14 kDa Uqcrb ENSMUSG00000021520 
46593021 NP_079683 53 kDa Uqcrc1 ENSMUSG00000025651 
22267442 NP_080175 48 kDa Uqcrc2 ENSMUSG00000030884 
13385168 NP_079986 29 kDa Uqcrfs1 ENSMUSG00000038462 
21539585 NP_079628 10 kDa Uqcrq ENSMUSG00000044894 
309265053 XP_003086413 6 kDa Usmg5 ENSMUSG00000071528 
85986575 NP_001028374 58 kDa Usp30 ENSMUSG00000029592 
6678553 NP_033524 11 kDa Vamp3 ENSMUSG00000028955 
31543938 NP_058076 16 kDa Vamp4 ENSMUSG00000026696 
94721328 NP_038961 28 kDa Vapa ENSMUSG00000024091 
31543940 NP_062780 27 kDa Vapb ENSMUSG00000054455 
33859662 NP_036167 43 kDa Vat1 ENSMUSG00000034993 
225543319 NP_033529 89 kDa Vcp ENSMUSG00000028452 
6755963 NP_035824 31 kDa Vdac1 ENSMUSG00000020402 
6755965 NP_035825 32 kDa Vdac2 ENSMUSG00000021771 
6755967 NP_035826 31 kDa Vdac3 ENSMUSG00000008892 
30519915 NP_848715 18 kDa Vkorc1 ENSMUSG00000030804 
124486867 NP_001074825 11 kDa Vma21 ENSMUSG00000073131 
66392160 NP_766616 359 kDa Vps13a ENSMUSG00000046230 
194394221 NP_796125 444 kDa Vps13b ENSMUSG00000037646 
122114537 NP_796158 420 kDa Vps13c ENSMUSG00000035284 
189491889 NP_001121670 487 kDa Vps13d ENSMUSG00000020220 
13928670 NP_075373 92 kDa Vps35 ENSMUSG00000031696 
31980617 NP_058080 27 kDa Vti1b ENSMUSG00000021124 
256818746 NP_001157960 54 kDa Wars ENSMUSG00000021266 
31543952 NP_081738 40 kDa Wars2 ENSMUSG00000004233 
6755997 NP_035846 101 kDa Wfs1 ENSMUSG00000039474 
31980962 NP_062519 47 kDa Wwox ENSMUSG00000004637 
28893421 NP_796284 43 kDa Xpnpep3 ENSMUSG00000022401 
227116360 NP_001153031 27 kDa Xrcc6bp1 ENSMUSG00000025436 
165932343 NP_665827 97 kDa Xylt2 ENSMUSG00000020868 
25282409 NP_080829 32 kDa Yif1a ENSMUSG00000024875 
158937258 NP_084163 34 kDa Yif1b ENSMUSG00000030588 
7305635 NP_038799 80 kDa Yme1l1 ENSMUSG00000026775 
309262630 XP_003085850 28 kDa Ywhaq ENSMUSG00000076432 
6756041 NP_035870 28 kDa Ywhaz ENSMUSG00000022285 
31559926 NP_666202 41 kDa Zadh2 ENSMUSG00000049090 
256665241 NP_035871 585 kDa Zan ENSMUSG00000079173 
283837767 NP_766142 73 kDa Zdhhc17 ENSMUSG00000035798 
27754040 NP_081193 34 kDa Zdhhc3 ENSMUSG00000025786 
13195658 NP_077193 34 kDa Zfpl1 ENSMUSG00000024792 
27370012 NP_766288 55 kDa Zmpste24 ENSMUSG00000043207 
256 
297747362 NP_001172082 39 kDa Zpbp ENSMUSG00000020193 
22165349 NP_036169 88 kDa Zw10 ENSMUSG00000032264 
 
CORPUS SPERM PROTEOME 
GI REFSEQ MW GENE NAME ENSEMBL GENE ID 
13384686 NP_079595 16 kDa 0610009B22Rik ENSMUSG00000007777 
13384728 NP_079639 13 kDa 1110001J03Rik ENSMUSG00000019689 
134053922 NP_899098 42 kDa 1110002N22Rik ENSMUSG00000046909 
21312030 NP_081014 21 kDa 1110007C09Rik ENSMUSG00000037960 
114520613 NP_001041470 30 kDa 1110017D15Rik ENSMUSG00000028441 
146134519 NP_001035485 48 kDa 1110020G09Rik ENSMUSG00000022253 
254939555 NP_001157213 12 kDa 1110021J02Rik ENSMUSG00000024018 
268370114 NP_001161239 27 kDa 1110057K04Rik ENSMUSG00000037669 
226958579 NP_082182 213 kDa 1300010F03Rik ENSMUSG00000058997 
76559944 NP_081170 38 kDa 1500001M20Rik ENSMUSG00000030316 
145864467 NP_001078854 15 kDa 1600014C10Rik ENSMUSG00000054676 
285401645 NP_001165562 13 kDa 1700001C19Rik ENSMUSG00000047150 
118130874 NP_082432 18 kDa 1700001P01Rik ENSMUSG00000018543 
284172505 NP_001165111 38 kDa 1700007I08Rik ENSMUSG00000078129 
124486893 NP_001074744 21 kDa 1700009P17Rik ENSMUSG00000026649 
21313178 NP_083863 15 kDa 1700012A03Rik ENSMUSG00000029766 
113374150 NP_081353 17 kDa 1700016C15Rik ENSMUSG00000015962 
13385716 NP_080484 27 kDa 1700019N19Rik ENSMUSG00000026931 
254588081 NP_081340 14 kDa 1700024P04Rik ENSMUSG00000045022 
268370161 NP_083611 34 kDa 1700026D08Rik ENSMUSG00000011154 
58037189 NP_081559 19 kDa 1700026L06Rik ENSMUSG00000026809 
13385700 NP_080464 27 kDa 1700028P14Rik ENSMUSG00000033053 
21313128 NP_080245 28 kDa 1700034H14Rik ENSMUSG00000024645 
13386312 NP_082770 20 kDa 1700034l23Rik ENSMUSG00000074619 
50979268 NP_080375 16 kDa 1700065I17Rik ENSMUSG00000032900 
262359961 NP_001160177 32 kDa 1700101E01Rik ENSMUSG00000079502 
116008181 NP_001070149 9 kDa 1810012P15Rik ENSMUSG00000072640 
110625730 NP_081258 12 kDa 1810027O10Rik ENSMUSG00000070394 
283046784 NP_081234 13 kDa 1810035L17Rik ENSMUSG00000021040 
21312554 NP_081636 7 kDa 2010107E04Rik ENSMUSG00000021290 
221139775 NP_081366 18 kDa 2300009A05Rik ENSMUSG00000032403 
21313668 NP_082253 46 kDa 2310001A20Rik ENSMUSG00000033096 
258679542 NP_079897 29 kDa 2310050C09Rik ENSMUSG00000090314 
23346595 NP_694792 13 kDa 2410015M20Rik ENSMUSG00000049760 
134053873 NP_898911 84 kDa 2410018M08Rik ENSMUSG00000034173 
158937256 NP_082887 48 kDa 2410091C18Rik ENSMUSG00000024082 
27754130 NP_079858 22 kDa 2810405K02Rik ENSMUSG00000029059 
143770878 NP_001035486 22 kDa 2810407C02Rik ENSMUSG00000075700 
13385560 NP_080339 16 kDa 2900010M23Rik ENSMUSG00000024208 
19526956 NP_598510 26 kDa 2900064A13Rik ENSMUSG00000055943 
269914154 NP_808385 58 kDa 4732456N10Rik ENSMUSG00000048699 
21389313 NP_081840 68 kDa 4921507P07Rik ENSMUSG00000029828 
46559372 NP_081879 29 kDa 4921511H03Rik ENSMUSG00000040514 
13385842 NP_080614 131 kDa 4921517D21Rik ENSMUSG00000066368 
254675160 NP_084135 62 kDa 4921530D09Rik ENSMUSG00000026940 
268370283 NP_082945 17 kDa 4930415F15Rik ENSMUSG00000020191 
20903411 XP_128114 16 kDa 4930415O20Rik ENSMUSG00000022993 
225543444 NP_077235 32 kDa 4930455C21Rik ENSMUSG00000002846 
188497646 NP_783606 41 kDa 4930471M23Rik ENSMUSG00000029175 
257 
254826802 NP_080566 39 kDa 4930511I11Rik ENSMUSG00000024223 
21312856 NP_080567 26 kDa 4930522H14Rik ENSMUSG00000060491 
109948267 NP_080635 34 kDa 4930578I06Rik ENSMUSG00000021961 
282721066 NP_808344 96 kDa 4931409K22Rik ENSMUSG00000038199 
140970505 NP_808379 137 kDa 4932411G14Rik ENSMUSG00000043986 
161086957 NP_766467 97 kDa 4932412H11Rik ENSMUSG00000040367 
309262242 XP_003085774 194 kDa 4932415D10Rik ENSMUSG00000044581 
253795511 NP_001077359 95 kDa 4932441B19Rik ENSMUSG00000074849 
29244338 NP_808469 37 kDa 4933400C05Rik ENSMUSG00000044787 
24418876 NP_722489 32 kDa 4933403F05Rik ENSMUSG00000038121 
27370380 NP_766489 44 kDa 4933405O20Rik  
21312800 NP_080638 17 kDa 5033414D02Rik ENSMUSG00000016495 
21312780 NP_083260 38 kDa 8430406I07Rik ENSMUSG00000027424 
31981784 NP_663423 66 kDa 9030617O03Rik ENSMUSG00000021185 
58037501 NP_084236 15 kDa 9230104L09Rik ENSMUSG00000027446 
263350066 NP_001094912 11 kDa 9230113P08Rik ENSMUSG00000078934 
309266145 XP_924177 254 kDa 9330101J02Rik ENSMUSG00000049571 
30424663 NP_776146 38 kDa A230051G13Rik ENSMUSG00000049287 
51921341 NP_001004174 10 kDa AA467197 ENSMUSG00000033213 
73695877 NP_808430 95 kDa Aak1 ENSMUSG00000057230 
31980703 NP_038958 103 kDa Aass ENSMUSG00000029695 
110225379 NP_031405 271 kDa Abca2 ENSMUSG00000026944 
88759350 NP_038883 192 kDa Abca3 ENSMUSG00000024130 
9506367 NP_062425 77 kDa Abcb10 ENSMUSG00000031974 
209417402 NP_084237 137 kDa Abcb5 ENSMUSG00000072791 
169234938 NP_033722 83 kDa Abcb7 ENSMUSG00000031333 
27753995 NP_083296 78 kDa Abcb8 ENSMUSG00000028973 
90403595 NP_083876 169 kDa Abcc3 ENSMUSG00000020865 
60218877 NP_033017 75 kDa Abcd3 ENSMUSG00000028127 
269784760 NP_766099 33 kDa Abhd10 ENSMUSG00000033157 
21644577 NP_660250 34 kDa Abhd11 ENSMUSG00000040532 
159110817 NP_077785 45 kDa Abhd12 ENSMUSG00000032046 
30519896 NP_848707 63 kDa Abhd16a ENSMUSG00000007036 
149273202 XP_001476757 36 kDa AC147142 ENSMUSG00000078142 
18700004 NP_570934 44 kDa Acaa1a ENSMUSG00000036138 
29126205 NP_803421 42 kDa Acaa2 ENSMUSG00000036880 
125656173 NP_579938 265 kDa Acaca ENSMUSG00000020532 
156255157 NP_082313 119 kDa Acad10 ENSMUSG00000029456 
74271799 NP_780533 87 kDa Acad11 ENSMUSG00000090150 
118403322 NP_080138 45 kDa Acad8 ENSMUSG00000031969 
100817933 NP_766266 69 kDa Acad9 ENSMUSG00000027710 
31982520 NP_031407 48 kDa Acadl ENSMUSG00000026003 
6680618 NP_031408 46 kDa Acadm ENSMUSG00000062908 
31982522 NP_031409 45 kDa Acads ENSMUSG00000029545 
17647119 NP_080102 48 kDa Acadsb ENSMUSG00000030861 
23956084 NP_059062 71 kDa Acadvl ENSMUSG00000018574 
21450129 NP_659033 45 kDa Acat1 ENSMUSG00000032047 
148747461 NP_033364 41 kDa Acat2 ENSMUSG00000023832 
229608928 NP_573488 60 kDa Acbd3 ENSMUSG00000026499 
156255161 NP_001095906 52 kDa Acbd5 ENSMUSG00000026781 
46559389 NP_997507 151 kDa Ace ENSMUSG00000020681 
29293809 NP_598798 120 kDa Acly ENSMUSG00000020917 
110347487 NP_031412 98 kDa Aco1 ENSMUSG00000028405 
18079339 NP_542364 85 kDa Aco2 ENSMUSG00000022477 
13385260 NP_080066 15 kDa Acot13 ENSMUSG00000006717 
258 
238624114 NP_598949 50 kDa Acot2 ENSMUSG00000021226 
110626167 NP_766168 47 kDa Acot6 ENSMUSG00000043487 
31980998 NP_062710 51 kDa Acot9 ENSMUSG00000025287 
66793429 NP_056544 75 kDa Acox1 ENSMUSG00000020777 
34328334 NP_109646 78 kDa Acox3 ENSMUSG00000029098 
31542070 NP_067305 18 kDa Acp1 ENSMUSG00000044573 
7304853 NP_038483 49 kDa Acr ENSMUSG00000022622 
84993736 NP_001034203 74 kDa Acsbg2 ENSMUSG00000024207 
24418933 NP_722502 68 kDa Acsf2 ENSMUSG00000076435 
31560705 NP_032007 78 kDa Acsl1 ENSMUSG00000018796 
46518528 NP_997508 79 kDa Acsl4 ENSMUSG00000031278 
58218988 NP_082252 76 kDa Acsl5 ENSMUSG00000024981 
75992911 NP_659072 81 kDa Acsl6 ENSMUSG00000020333 
18034773 NP_542142 75 kDa Acss1 ENSMUSG00000027452 
218563743 NP_001136276 75 kDa Acss3 ENSMUSG00000035948 
6671509 NP_031419 42 kDa Actb ENSMUSG00000029580 
14192922 NP_033738 42 kDa Actc1 ENSMUSG00000068614 
6752956 NP_033741 49 kDa Actl7a ENSMUSG00000070979 
61097906 NP_598917 103 kDa Actn1 ENSMUSG00000015143 
11230802 NP_068695 105 kDa Actn4 ENSMUSG00000054808 
23956222 NP_076224 47 kDa Actr3 ENSMUSG00000026341 
13384810 NP_079697 11 kDa Acyp1 ENSMUSG00000008822 
121949804 NP_033749 91 kDa Adam3 ENSMUSG00000031553 
229332006 NP_700446 84 kDa Adam32 ENSMUSG00000037437 
75677440 NP_031427 85 kDa Adam5 ENSMUSG00000031554 
110347491 NP_031428 89 kDa Adam7 ENSMUSG00000022056 
254028217 NP_001156762 72 kDa Adck3 ENSMUSG00000026489 
124244100 NP_598531 59 kDa Adck4 ENSMUSG00000003762 
169234776 NP_766548 67 kDa Adck5 ENSMUSG00000022550 
31982511 NP_031436 40 kDa Adh5 ENSMUSG00000028138 
30424876 NP_780445 50 kDa Adhfe1 ENSMUSG00000025911 
225703118 NP_001005419 28 kDa Ado ENSMUSG00000057134 
66792806 NP_473411 87 kDa Afg3l1 ENSMUSG00000031967 
110625761 NP_081406 90 kDa Afg3l2 ENSMUSG00000024527 
54292135 NP_001005847 37 kDa Aga ENSMUSG00000031521 
37537518 NP_076027 47 kDa Agk ENSMUSG00000029916 
254281341 NP_001156851 32 kDa Agpat1 ENSMUSG00000034254 
23956162 NP_080488 31 kDa Agpat2 ENSMUSG00000026922 
27229278 NP_443747 43 kDa Agpat3 ENSMUSG00000001211 
295444834 NP_766254 74 kDa Agps ENSMUSG00000042410 
37718970 NP_759013 204 kDa AI314180 ENSMUSG00000050812 
6755004 NP_036149 67 kDa Aifm1 ENSMUSG00000036932 
149263924 XP_484225 14 kDa AK157302 ENSMUSG00000078139 
34328230 NP_058591 26 kDa Ak2 ENSMUSG00000028792 
23956104 NP_067274 25 kDa Ak3 ENSMUSG00000024782 
294862280 NP_001171073 25 kDa Ak4 ENSMUSG00000028527 
254675166 NP_084463 83 kDa Ak7 ENSMUSG00000041323 
152963553 NP_001029046 55 kDa Ak8 ENSMUSG00000026807 
160358791 NP_033780 96 kDa Akap3 ENSMUSG00000030344 
110347481 NP_033781 94 kDa Akap4 ENSMUSG00000050089 
309262133 XP_003085720 218 kDa Akd1 ENSMUSG00000091415 
10946870 NP_067448 37 kDa Akr1a1 ENSMUSG00000028692 
240120054 NP_079613 41 kDa Akr7a5 ENSMUSG00000028743 
34328485 NP_032551 36 kDa Alad ENSMUSG00000028393 
163310765 NP_033784 69 kDa Alb ENSMUSG00000029368 
259 
31791059 NP_033785 65 kDa Alcam ENSMUSG00000022636 
255958292 NP_062672 87 kDa Aldh18a1 ENSMUSG00000025007 
85861182 NP_038495 54 kDa Aldh1a1 ENSMUSG00000053279 
6753036 NP_033786 57 kDa Aldh2 ENSMUSG00000029455 
75677435 NP_031463 54 kDa Aldh3a2 ENSMUSG00000010025 
225543103 NP_780647 62 kDa Aldh4a1 ENSMUSG00000028737 
27369748 NP_766120 56 kDa Aldh5a1 ENSMUSG00000035936 
19527258 NP_598803 58 kDa Aldh6a1 ENSMUSG00000021238 
188035915 NP_001120810 56 kDa Aldh7a1 ENSMUSG00000053644 
115334671 NP_064377 56 kDa Aldh9a1 ENSMUSG00000026687 
293597567 NP_001170778 45 kDa Aldoa ENSMUSG00000030695 
309265018 XP_003086419 45 kDa Aldoart1 ENSMUSG00000059343 
172072657 NP_064382 47 kDa Alg2 ENSMUSG00000039740 
21728372 NP_079718 37 kDa Alg5 ENSMUSG00000036632 
46518506 NP_032563 42 kDa Amacr ENSMUSG00000022244 
62000670 NP_001013836 44 kDa Amt ENSMUSG00000032607 
160707911 NP_112435 203 kDa Ank1 ENSMUSG00000031543 
116256491 NP_733924 188 kDa Ank3 ENSMUSG00000069601 
28316764 NP_783598 87 kDa Ankrd5 ENSMUSG00000074771 
18700032 NP_570959 31 kDa Anp32b ENSMUSG00000028333 
225637487 NP_032512 110 kDa Anpep ENSMUSG00000039062 
120407060 NP_766396 70 kDa Antxrl ENSMUSG00000047441 
124517663 NP_034860 39 kDa Anxa1 ENSMUSG00000024659 
23956196 NP_081487 36 kDa Anxa13 ENSMUSG00000055114 
6996913 NP_031611 39 kDa Anxa2 ENSMUSG00000032231 
161016799 NP_038499 36 kDa Anxa4 ENSMUSG00000029994 
6753060 NP_033803 36 kDa Anxa5 ENSMUSG00000027712 
158966670 NP_001103681 75 kDa Anxa6 ENSMUSG00000018340 
88853578 NP_031480 104 kDa Ap1b1 ENSMUSG00000009090 
56744242 NP_033807 92 kDa Ap1g1 ENSMUSG00000031731 
116256510 NP_001070732 105 kDa Ap2a1 ENSMUSG00000060279 
163644277 NP_031485 104 kDa Ap2a2 ENSMUSG00000002957 
21313640 NP_082191 105 kDa Ap2b1 ENSMUSG00000035152 
161086984 NP_941015 17 kDa Ap2s1 ENSMUSG00000008036 
21553309 NP_659146 31 kDa Apoa1bp ENSMUSG00000028070 
163644329 NP_033826 36 kDa Apoe ENSMUSG00000002985 
13386062 NP_080841 29 kDa Apool ENSMUSG00000025525 
161484642 NP_080949 23 kDa Apoo-ps ENSMUSG00000049233 
118601013 NP_033828 20 kDa Aprt ENSMUSG00000006589 
148747410 NP_666097 57 kDa Arcn1 ENSMUSG00000032096 
194353962 NP_001123880 21 kDa Arf1 ENSMUSG00000048076 
6680720 NP_031505 20 kDa Arf4 ENSMUSG00000021877 
6680722 NP_031506 21 kDa Arf5 ENSMUSG00000020440 
6680724 NP_031507 20 kDa Arf6 ENSMUSG00000044147 
148229140 NP_001078964 202 kDa Arfgef2 ENSMUSG00000074582 
6753110 NP_033835 39 kDa Arg2 ENSMUSG00000021125 
31982030 NP_598557 23 kDa Arhgdia ENSMUSG00000025132 
153792526 NP_080135 20 kDa Arl1 ENSMUSG00000060904 
31980988 NP_062696 21 kDa Arl2 ENSMUSG00000024944 
188528681 NP_062639 21 kDa Arl6 ENSMUSG00000022722 
23956194 NP_081099 21 kDa Arl8a ENSMUSG00000026426 
13385518 NP_080287 22 kDa Arl8b ENSMUSG00000030105 
21312676 NP_083116 31 kDa Armc1 ENSMUSG00000027599 
13385536 NP_080310 33 kDa Armc10 ENSMUSG00000038525 
124487327 NP_001074552 97 kDa Armc3 ENSMUSG00000037683 
260 
124487093 NP_001074862 115 kDa Armc4 ENSMUSG00000061802 
13386054 NP_080828 20 kDa Arpc4 ENSMUSG00000079426 
21312654 NP_083085 17 kDa Arpc5l ENSMUSG00000026755 
40254129 NP_258435 105 kDa Arvcf ENSMUSG00000000325 
9790019 NP_062708 45 kDa Asah1 ENSMUSG00000031591 
21311897 NP_081303 32 kDa Asb9 ENSMUSG00000031384 
125628659 NP_075553 83 kDa Asph ENSMUSG00000028207 
31560239 NP_079886 34 kDa Asrgl1 ENSMUSG00000024654 
31560168 NP_080763 41 kDa Atad1 ENSMUSG00000013662 
239985513 NP_849534 67 kDa Atad3a ENSMUSG00000029036 
254826716 NP_001156977 60 kDa Atl3 ENSMUSG00000024759 
7656914 NP_056619 136 kDa Atp11a ENSMUSG00000031441 
257196273 NP_001158084 133 kDa Atp13a4 ENSMUSG00000038094 
21450277 NP_659149 113 kDa Atp1a1 ENSMUSG00000033161 
226958351 NP_038762 115 kDa Atp1a4 ENSMUSG00000007107 
6753138 NP_033851 35 kDa Atp1b1 ENSMUSG00000026576 
6680744 NP_031528 32 kDa Atp1b3 ENSMUSG00000032412 
158635979 NP_001103610 115 kDa Atp2a2 ENSMUSG00000029467 
62234487 NP_080758 135 kDa Atp2b1 ENSMUSG00000019943 
56699478 NP_796210 134 kDa Atp2b3 ENSMUSG00000031376 
269784615 NP_001161421 129 kDa Atp2b4 ENSMUSG00000026463 
6680748 NP_031531 60 kDa Atp5a1 ENSMUSG00000025428 
31980648 NP_058054 56 kDa Atp5b ENSMUSG00000025393 
163838641 NP_065640 33 kDa Atp5c1 ENSMUSG00000025781 
78214312 NP_033855 29 kDa Atp5f1 ENSMUSG00000000563 
21313679 NP_082138 19 kDa Atp5h ENSMUSG00000034566 
7949005 NP_058035 12 kDa Atp5j ENSMUSG00000022890 
10181184 NP_065607 10 kDa Atp5j2 ENSMUSG00000038690 
83715998 NP_031533 8 kDa Atp5k ENSMUSG00000050856 
149251053 XP_001478145 23 kDa Atp5o ENSMUSG00000022956 
13386040 NP_080812 23 kDa Atp5s ENSMUSG00000054894 
12025532 NP_058616 96 kDa Atp6v0a1 ENSMUSG00000019302 
6753144 NP_033859 16 kDa Atp6v0c ENSMUSG00000024121 
31981304 NP_038505 40 kDa Atp6v0d1 ENSMUSG00000013160 
225543207 NP_780615 40 kDa Atp6v0d2 ENSMUSG00000028238 
31560731 NP_031534 68 kDa Atp6v1a ENSMUSG00000052459 
19705578 NP_031535 57 kDa Atp6v1b2 ENSMUSG00000006273 
12963799 NP_076210 28 kDa Atp6v1d ENSMUSG00000021114 
45504359 NP_031536 26 kDa Atp6v1e1 ENSMUSG00000019210 
15617197 NP_077135 14 kDa Atp6v1g1 ENSMUSG00000039105 
157951680 NP_033856 162 kDa Atp7a ENSMUSG00000033792 
238776839 NP_663402 34 kDa Atpaf2 ENSMUSG00000042709 
116268115 NP_057918 33 kDa Auh ENSMUSG00000021460 
13195672 NP_077218 37 kDa B3gat3 ENSMUSG00000071649 
33147082 NP_476512 121 kDa Bag6 ENSMUSG00000024392 
6753178 NP_035923 10 kDa Banf1 ENSMUSG00000024844 
113679811 NP_001038215 10 kDa Banf2 ENSMUSG00000037307 
45598372 NP_081671 22 kDa Basp1 ENSMUSG00000045763 
6680770 NP_031553 21 kDa Bax ENSMUSG00000003873 
56090513 NP_001007592 40 kDa BB014433 ENSMUSG00000049008 
21450219 NP_659081 21 kDa BC017643 ENSMUSG00000039294 
85701628 NP_001028456 38 kDa BC026585 ENSMUSG00000033488 
255522841 NP_001157327 32 kDa BC051142 ENSMUSG00000057246 
110625692 NP_001001334 55 kDa BC061194 ENSMUSG00000037708 
31981310 NP_036190 28 kDa Bcap31 ENSMUSG00000002015 
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33859514 NP_033867 44 kDa Bcat2 ENSMUSG00000030826 
183396774 NP_031559 51 kDa Bckdha ENSMUSG00000060376 
40353220 NP_954665 36 kDa Bckdhb ENSMUSG00000032263 
6753164 NP_033869 47 kDa Bckdk ENSMUSG00000030802 
21313544 NP_080060 47 kDa Bcs1l ENSMUSG00000026172 
170014720 NP_780386 38 kDa Bdh1 ENSMUSG00000046598 
309261892 XP_003085430 16 kDa Beta-s ENSMUSG00000052305 
31980697 NP_056555 14 kDa Bloc1s1 ENSMUSG00000090247 
58037151 NP_081251 14 kDa Bola1 ENSMUSG00000015943 
30424938 NP_780486 12 kDa Bola3 ENSMUSG00000045160 
21624609 NP_080788 33 kDa Bphl ENSMUSG00000038286 
39652626 NP_035924 33 kDa Bpnt1 ENSMUSG00000026617 
58037467 NP_084028 28 kDa Bri3bp ENSMUSG00000037905 
21312594 NP_081706 14 kDa Brp44 ENSMUSG00000026568 
116014342 NP_001070652 30 kDa Bsg ENSMUSG00000023175 
20149730 NP_619594 54 kDa Bspry ENSMUSG00000028392 
112181167 NP_031599 31 kDa C1qbp ENSMUSG00000018446 
31542273 NP_666269 112 kDa C230096C10Rik ENSMUSG00000078517 
115430101 NP_031602 52 kDa C4bp ENSMUSG00000026405 
109255220 NP_001035883 48 kDa Cabyr ENSMUSG00000024430 
109255218 NP_859420 41 kDa Cabyr ENSMUSG00000024430 
51093867 NP_076014 243 kDa Cad ENSMUSG00000013629 
6680832 NP_031615 17 kDa Calm3 ENSMUSG00000019370 
6680836 NP_031617 48 kDa Calr ENSMUSG00000003814 
41282022 NP_908942 37 kDa Calu ENSMUSG00000029767 
189409138 NP_082270 136 kDa Cand1 ENSMUSG00000020114 
160333212 NP_001103969 67 kDa Canx ENSMUSG00000020368 
157951604 NP_031624 52 kDa Cap1 ENSMUSG00000028656 
161086971 NP_033927 33 kDa Capza1 ENSMUSG00000070372 
6671672 NP_031630 33 kDa Capza2 ENSMUSG00000015733 
157951670 NP_031631 35 kDa Capza3 ENSMUSG00000041791 
6753262 NP_033928 31 kDa Capzb ENSMUSG00000028745 
157951596 NP_033931 29 kDa Car2 ENSMUSG00000027562 
6671678 NP_031633 34 kDa Car4 ENSMUSG00000000805 
211057396 NP_851832 37 kDa Car5b ENSMUSG00000031373 
298676450 NP_081271 39 kDa Carkd ENSMUSG00000031505 
189409152 NP_077210 61 kDa Cars2 ENSMUSG00000056228 
157951741 NP_033934 60 kDa Cat ENSMUSG00000027187 
257900479 NP_766611 126 kDa Catsperb ENSMUSG00000047014 
6680854 NP_031642 21 kDa Cav1 ENSMUSG00000007655 
113680352 NP_031646 31 kDa Cbr1 ENSMUSG00000051483 
6671688 NP_031647 26 kDa Cbr2 ENSMUSG00000025150 
27413160 NP_766635 31 kDa Cbr3 ENSMUSG00000022947 
269784762 NP_663570 25 kDa Cbr4 ENSMUSG00000031641 
30424613 NP_776124 47 kDa Ccbl2 ENSMUSG00000040213 
254553376 NP_081906 57 kDa Ccdc105 ENSMUSG00000078442 
87162476 NP_001034584 209 kDa Ccdc108 ENSMUSG00000047021 
168823441 NP_001028431 40 kDa Ccdc109a ENSMUSG00000009647 
261862311 NP_083224 62 kDa Ccdc11 ENSMUSG00000035394 
13195630 NP_077163 31 kDa Ccdc127 ENSMUSG00000021578 
256222930 NP_663549 137 kDa Ccdc136 ENSMUSG00000029769 
261245029 NP_083471 115 kDa Ccdc146 ENSMUSG00000064280 
253795525 NP_001156739 104 kDa Ccdc147 ENSMUSG00000046585 
254675124 NP_082248 66 kDa Ccdc19 ENSMUSG00000026546 
21312922 NP_080498 110 kDa Ccdc39 ENSMUSG00000027676 
262 
30425148 NP_780639 137 kDa Ccdc40 ENSMUSG00000039963 
164519120 NP_808447 38 kDa Ccdc42 ENSMUSG00000045915 
258679490 NP_079965 45 kDa Ccdc51 ENSMUSG00000025645 
34303985 NP_899130 68 kDa Ccdc63 ENSMUSG00000043036 
50582595 NP_001002787 67 kDa Ccin ENSMUSG00000070999 
126521835 NP_031662 57 kDa Cct2 ENSMUSG00000034024 
6753320 NP_033966 61 kDa Cct3 ENSMUSG00000001416 
6753322 NP_033967 58 kDa Cct4 ENSMUSG00000007739 
6671702 NP_031663 60 kDa Cct5 ENSMUSG00000022234 
6753324 NP_033968 58 kDa Cct6a ENSMUSG00000029447 
226693361 NP_033969 58 kDa Cct6b ENSMUSG00000020698 
238814391 NP_031664 60 kDa Cct7 ENSMUSG00000030007 
126723461 NP_033970 60 kDa Cct8 ENSMUSG00000025613 
38348482 NP_941023 61 kDa Cct8l1 ENSMUSG00000038044 
23346525 NP_694738 162 kDa Cd109 ENSMUSG00000046186 
6754660 NP_034908 41 kDa Cd46 ENSMUSG00000016493 
6754382 NP_034711 35 kDa Cd47 ENSMUSG00000055447 
114326522 NP_034146 43 kDa Cd55 ENSMUSG00000026399 
6753364 NP_033991 21 kDa Cdc42 ENSMUSG00000006699 
21362277 NP_620093 24 kDa Cdipt ENSMUSG00000030682 
21450187 NP_659064 46 kDa Cecr5 ENSMUSG00000058979 
225703070 NP_082724 28 kDa Cenpv ENSMUSG00000018509 
117553604 NP_444430 62 kDa Ces1d ENSMUSG00000056973 
19526804 NP_598421 62 kDa Ces1e ENSMUSG00000061959 
51556221 NP_001003951 64 kDa Ces5a ENSMUSG00000058019 
6680924 NP_031713 19 kDa Cfl1 ENSMUSG00000056201 
13384734 NP_079642 14 kDa Chchd1 ENSMUSG00000063787 
21313618 NP_079612 26 kDa Chchd3 ENSMUSG00000053768 
267844804 NP_079627 30 kDa Chchd6 ENSMUSG00000030086 
210031252 NP_758468 66 kDa Chdh ENSMUSG00000015970 
218083710 NP_001136153 45 kDa Chid1 ENSMUSG00000025512 
147904547 NP_001078967 23 kDa Chmp6 ENSMUSG00000025371 
6755154 NP_036000 22 kDa Cib1 ENSMUSG00000030538 
19527228 NP_598768 12 kDa Cisd1 ENSMUSG00000037710 
21728370 NP_080178 15 kDa Cisd2 ENSMUSG00000028165 
62526118 NP_780660 64 kDa Ckap4 ENSMUSG00000046841 
6753428 NP_034027 47 kDa Ckmt1 ENSMUSG00000000308 
21704070 NP_663518 61 kDa Clcc1 ENSMUSG00000027884 
6753438 NP_034032 23 kDa Cldn3 ENSMUSG00000070473 
8393144 NP_058583 22 kDa Cldn7 ENSMUSG00000018569 
15617203 NP_254279 27 kDa Clic1 ENSMUSG00000007041 
27229085 NP_081361 27 kDa Clic3 ENSMUSG00000015093 
7304963 NP_038913 29 kDa Clic4 ENSMUSG00000037242 
27369886 NP_766209 28 kDa Clic5 ENSMUSG00000023959 
154240730 NP_001038985 68 kDa Clint1 ENSMUSG00000006169 
8393156 NP_059089 30 kDa Clpp ENSMUSG00000002660 
103472025 NP_062623 75 kDa Clptm1 ENSMUSG00000002981 
22122537 NP_666159 59 kDa Clptm1l ENSMUSG00000021610 
113205071 NP_035932 69 kDa Clpx ENSMUSG00000015357 
51491845 NP_001003908 192 kDa Cltc ENSMUSG00000047126 
214010170 NP_038520 52 kDa Clu ENSMUSG00000022037 
256220113 NP_083832 38 kDa Clybl ENSMUSG00000025545 
6857812 NP_034910 29 kDa Cma1 ENSMUSG00000022225 
189458842 NP_694804 267 kDa Cnot1 ENSMUSG00000036550 
9903607 NP_064337 21 kDa Cnpy2 ENSMUSG00000025381 
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21312510 NP_082341 31 kDa Cnpy3 ENSMUSG00000023973 
30519939 NP_848727 28 kDa Cnpy4 ENSMUSG00000036968 
27229125 NP_082172 62 kDa Coasy ENSMUSG00000001755 
6753484 NP_034063 108 kDa Col6a1 ENSMUSG00000001119 
22203747 NP_666119 110 kDa Col6a2 ENSMUSG00000020241 
309264106 XP_003086227 331 kDa Col6a3 ENSMUSG00000048126 
309266594 XP_003086799 285 kDa Col6a5 ENSMUSG00000091345 
156616286 NP_001096077 246 kDa Col6a6 ENSMUSG00000043719 
161484634 NP_031770 29 kDa Comt ENSMUSG00000000326 
33468999 NP_081241 29 kDa Comtd1 ENSMUSG00000021773 
226823359 NP_034068 138 kDa Copa ENSMUSG00000026553 
15426055 NP_203534 107 kDa Copb1 ENSMUSG00000030754 
29789080 NP_056642 102 kDa Copb2 ENSMUSG00000032458 
10946972 NP_067513 35 kDa Cope ENSMUSG00000055681 
8567338 NP_059505 98 kDa Copg ENSMUSG00000030058 
8567340 NP_059506 98 kDa Copg2 ENSMUSG00000025607 
9789913 NP_062791 20 kDa Copz1 ENSMUSG00000060992 
124486652 NP_001074509 29 kDa Coq10a ENSMUSG00000039914 
27369992 NP_766275 41 kDa Coq3 ENSMUSG00000028247 
13385992 NP_080780 37 kDa Coq5 ENSMUSG00000041733 
283135186 NP_766170 51 kDa Coq6 ENSMUSG00000021235 
20587962 NP_034070 24 kDa Coq7 ENSMUSG00000030652 
33859690 NP_080728 35 kDa Coq9 ENSMUSG00000031782 
31541932 NP_659123 46 kDa Cox15 ENSMUSG00000040018 
6753498 NP_034071 20 kDa Cox4i1 ENSMUSG00000031818 
112181182 NP_031773 16 kDa Cox5a ENSMUSG00000000088 
6680988 NP_031774 12 kDa Cox6a1 ENSMUSG00000041697 
13385090 NP_079904 10 kDa Cox6b1 ENSMUSG00000036751 
34536823 NP_899665 11 kDa Cox6b2 ENSMUSG00000051811 
16716343 NP_444301 8 kDa Cox6c ENSMUSG00000014313 
31981830 NP_034075 9 kDa Cox7a2 ENSMUSG00000032330 
110347564 NP_031778 121 kDa Cp ENSMUSG00000003617 
6680999 NP_031779 49 kDa Cpa3 ENSMUSG00000001865 
162287142 NP_038523 88 kDa Cpt1a ENSMUSG00000024900 
162287165 NP_034078 88 kDa Cpt1b ENSMUSG00000078937 
162138915 NP_034079 74 kDa Cpt2 ENSMUSG00000028607 
85662408 NP_031786 71 kDa Crat ENSMUSG00000026853 
21313278 NP_083996 38 kDa Creld2 ENSMUSG00000023272 
157951659 NP_033768 28 kDa Crisp1 ENSMUSG00000025431 
17157983 NP_076222 70 kDa Crot ENSMUSG00000003623 
33859530 NP_034098 35 kDa Cryz ENSMUSG00000028199 
13385942 NP_080720 52 kDa Cs ENSMUSG00000005683 
269973935 NP_082221 52 kDa Csl ENSMUSG00000046934 
22165382 NP_666199 38 kDa Csnk1a1 ENSMUSG00000024576 
31542427 NP_031814 45 kDa Csnk2a1 ENSMUSG00000074698 
6753540 NP_034104 41 kDa Csnk2a2 ENSMUSG00000046707 
7106277 NP_034105 25 kDa Csnk2b ENSMUSG00000024387 
58037521 NP_084335 16 kDa Cst11 ENSMUSG00000036958 
254587970 NP_081330 16 kDa Cst12 ENSMUSG00000027443 
31981822 NP_034106 16 kDa Cst3 ENSMUSG00000027447 
6681071 NP_031819 11 kDa Cstb ENSMUSG00000005054 
259155336 NP_001158725 87 kDa Ctage5 ENSMUSG00000021000 
6753294 NP_033948 100 kDa Ctnna1 ENSMUSG00000037815 
260166642 NP_001159374 85 kDa Ctnnb1 ENSMUSG00000006932 
146219830 NP_001078919 105 kDa Ctnnd1 ENSMUSG00000034101 
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6681079 NP_031824 37 kDa Ctsb ENSMUSG00000021939 
160707990 NP_034112 52 kDa Ctsc ENSMUSG00000030560 
6753556 NP_034113 45 kDa Ctsd ENSMUSG00000007891 
9845246 NP_063914 52 kDa Ctsf ENSMUSG00000083282 
7710014 NP_057925 89 kDa Cul3 ENSMUSG00000004364 
165932339 NP_079806 28 kDa Cutc ENSMUSG00000025193 
110815859 NP_941004 77 kDa Cux1 ENSMUSG00000029705 
133778951 NP_032437 68 kDa Cuzd1 ENSMUSG00000040205 
31044463 NP_851840 78 kDa Cwh43 ENSMUSG00000029154 
13385268 NP_080073 15 kDa Cyb5 ENSMUSG00000024646 
31542438 NP_079834 16 kDa Cyb5b ENSMUSG00000031924 
21312524 NP_082333 34 kDa Cyb5r1 ENSMUSG00000026456 
19745150 NP_084063 34 kDa Cyb5r3 ENSMUSG00000018042 
13385006 NP_079843 35 kDa Cyc1 ENSMUSG00000022551 
6753560 NP_034119 12 kDa Cyct ENSMUSG00000056436 
164698474 NP_035500 145 kDa Cyfip1 ENSMUSG00000030447 
242247109 NP_001156337 47 kDa Cylc2 ENSMUSG00000039555 
160948601 NP_031835 58 kDa Cyp17a1 ENSMUSG00000003555 
74271886 NP_084289 52 kDa Cyp20a1 ENSMUSG00000049439 
86198314 NP_758510 58 kDa Cyp4a12b ENSMUSG00000078597 
71061451 NP_064394 57 kDa Cyp51 ENSMUSG00000001467 
62241019 NP_796214 128 kDa D030016E14Rik ENSMUSG00000038102 
149274885 XP_001474527 28 kDa D10Jhu81e ENSMUSG00000053329 
170014723 NP_849213 59 kDa D2hgdh ENSMUSG00000073609 
13386080 NP_080869 12 kDa D730048I06Rik ENSMUSG00000032108 
164518942 NP_001106829 12 kDa Dad1 ENSMUSG00000022174 
21703976 NP_663471 60 kDa Dak ENSMUSG00000034371 
110815857 NP_034148 39 kDa Dao ENSMUSG00000042096 
256985203 NP_075370 45 kDa Dap3 ENSMUSG00000068921 
10946592 NP_067269 10 kDa Dbil5 ENSMUSG00000038057 
170172520 NP_034152 53 kDa Dbt ENSMUSG00000000340 
58037257 NP_082222 39 kDa Dcaf7 ENSMUSG00000049354 
7657011 NP_056550 127 kDa Ddb1 ENSMUSG00000024740 
309265149 XP_003086447 49 kDa Ddost ENSMUSG00000028757 
6753618 NP_034157 13 kDa Ddt ENSMUSG00000001666 
13385680 NP_080448 36 kDa Decr1 ENSMUSG00000028223 
6753622 NP_036063 31 kDa Decr2 ENSMUSG00000036775 
21361236 NP_631967 9 kDa Defb11 ENSMUSG00000045337 
21553123 NP_660139 10 kDa Defb19 ENSMUSG00000050645 
124301232 NP_795924 11 kDa Defb20 ENSMUSG00000049560 
50582603 NP_001002791 18 kDa Defb22 ENSMUSG00000027468 
83776583 NP_001033022 18 kDa Defb23 ENSMUSG00000074681 
47824874 NP_001001444 9 kDa Defb29 ENSMUSG00000044249 
247269607 NP_038792 32 kDa Dguok ENSMUSG00000014554 
9910194 NP_064430 43 kDa Dhodh ENSMUSG00000031730 
31980844 NP_081095 34 kDa Dhrs1 ENSMUSG00000002332 
256220343 NP_001033027 30 kDa Dhrs4 ENSMUSG00000022210 
226958616 NP_079798 38 kDa Dhrs7 ENSMUSG00000021094 
21703854 NP_663403 35 kDa Dhrs7b ENSMUSG00000042569 
124244062 NP_001028498 36 kDa Dhrsx  
124487485 NP_001074600 103 kDa Dhtkd1 ENSMUSG00000025815 
19111156 NP_579925 137 kDa Dhx30 ENSMUSG00000032480 
85677504 NP_075721 27 kDa Diablo ENSMUSG00000029433 
257796245 NP_663589 68 kDa Dlat ENSMUSG00000000168 
31982856 NP_031887 54 kDa Dld ENSMUSG00000020664 
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21313536 NP_084501 49 kDa Dlst ENSMUSG00000004789 
256773234 NP_001028840 487 kDa Dnahc1 ENSMUSG00000019027 
254692843 NP_062409 530 kDa Dnahc10 ENSMUSG00000038011 
309263036 XP_003085961 451 kDa Dnahc12 ENSMUSG00000021879 
283837762 NP_001161218 509 kDa Dnahc17 ENSMUSG00000033987 
124486773 NP_001074799 512 kDa Dnahc2 ENSMUSG00000005237 
309268955 XP_003084792 468 kDa Dnahc3 ENSMUSG00000052273 
257467659 NP_001158141 475 kDa Dnahc6 ENSMUSG00000052861 
309264310 XP_911967 466 kDa Dnahc7a ENSMUSG00000067440 
237874196 NP_001153858 467 kDa Dnahc7b ENSMUSG00000041144 
309264248 XP_003086233 467 kDa Dnahc7c ENSMUSG00000078595 
153792273 NP_038839 541 kDa Dnahc8 ENSMUSG00000033826 
227330593 NP_780347 80 kDa Dnaic1 ENSMUSG00000061322 
114145546 NP_001030050 71 kDa Dnaic2 ENSMUSG00000034706 
205361112 NP_076135 52 kDa Dnaja3 ENSMUSG00000004069 
110625998 NP_080676 41 kDa Dnajb11 ENSMUSG00000004460 
29648322 NP_705755 36 kDa Dnajb13 ENSMUSG00000030708 
83816907 NP_001033029 40 kDa Dnajb6 ENSMUSG00000029131 
119508443 NP_077143 91 kDa Dnajc10 ENSMUSG00000027006 
164565394 NP_766292 63 kDa Dnajc11 ENSMUSG00000039768 
247494234 NP_001156498 254 kDa Dnajc13 ENSMUSG00000032560 
309268906 XP_003084767 12 kDa Dnajc19 ENSMUSG00000027679 
31542563 NP_032955 57 kDa Dnajc3 ENSMUSG00000022136 
21644569 NP_079638 25 kDa Dnajc30 ENSMUSG00000061118 
7949027 NP_058055 22 kDa Dnajc5 ENSMUSG00000000826 
164607162 NP_083097 21 kDa Dnalc1 ENSMUSG00000042523 
30172570 NP_780432 30 kDa Dnali1 ENSMUSG00000042707 
87299637 NP_001034609 98 kDa Dnm2 ENSMUSG00000033335 
161016820 NP_058574 52 kDa Dnpep ENSMUSG00000026209 
78191789 NP_080358 238 kDa Dock7 ENSMUSG00000028556 
21313683 NP_082236 54 kDa Dpep3 ENSMUSG00000031898 
6753670 NP_034202 29 kDa Dpm1 ENSMUSG00000078919 
227116292 NP_001153015 84 kDa Dpp4 ENSMUSG00000035000 
169646320 NP_766508 84 kDa Dpy19l1 ENSMUSG00000043067 
261245007 NP_001159679 90 kDa Dpy19l2 ENSMUSG00000085576 
40254595 NP_034085 62 kDa Dpysl2 ENSMUSG00000022048 
169234958 NP_034209 115 kDa Dsg1a ENSMUSG00000069441 
190194418 NP_076331 333 kDa Dsp ENSMUSG00000054889 
9790219 NP_062745 19 kDa Dstn ENSMUSG00000015932 
58037325 NP_082844 22 kDa Dusp21 ENSMUSG00000025043 
21281687 NP_076084 17 kDa Dut ENSMUSG00000027203 
134288917 NP_084514 532 kDa Dync1h1 ENSMUSG00000018707 
213688406 NP_062656 10 kDa Dynll1 ENSMUSG00000009013 
18087731 NP_080832 10 kDa Dynll2 ENSMUSG00000020483 
25072207 NP_083573 11 kDa Dynlrb2 ENSMUSG00000034467 
149268330 XP_001475667 12 kDa Dynlt1c ENSMUSG00000000579 
116174791 NP_067444 239 kDa Dysf ENSMUSG00000033788 
29244450 NP_808524 34 kDa E130311K13Rik ENSMUSG00000048581 
21312986 NP_080416 58 kDa Ears2 ENSMUSG00000030871 
6681255 NP_031924 26 kDa Ebp ENSMUSG00000031168 
7949037 NP_058052 36 kDa Ech1 ENSMUSG00000053898 
158854020 NP_080131 35 kDa Echdc1 ENSMUSG00000019883 
225543400 NP_081004 32 kDa Echdc2 ENSMUSG00000028601 
31980955 NP_077170 32 kDa Echdc3 ENSMUSG00000039063 
29789289 NP_444349 31 kDa Echs1 ENSMUSG00000025465 
266 
31981810 NP_034153 32 kDa Eci1 ENSMUSG00000024132 
160333193 NP_001103801 43 kDa Eci2 ENSMUSG00000021417 
6755522 NP_036159 50 kDa Ecsit ENSMUSG00000066839 
45356141 NP_987104 18 kDa Eddm3b ENSMUSG00000072575 
163310723 NP_001034733 104 kDa Edem3 ENSMUSG00000043019 
126032329 NP_034236 50 kDa Eef1a1 ENSMUSG00000037742 
54287684 NP_075729 31 kDa Eef1d ENSMUSG00000055762 
110625979 NP_080283 50 kDa Eef1g ENSMUSG00000071644 
33859482 NP_031933 95 kDa Eef2 ENSMUSG00000034994 
239052655 NP_084222 176 kDa Efcab6 ENSMUSG00000022441 
255003729 NP_766085 96 kDa Efhb ENSMUSG00000023931 
254553422 NP_082250 75 kDa Efhc1 ENSMUSG00000041809 
262050574 NP_083192 88 kDa Efhc2 ENSMUSG00000025038 
55742711 NP_694708 61 kDa Ehd2 ENSMUSG00000074364 
31541815 NP_076226 78 kDa Ehhadh ENSMUSG00000022853 
13385624 NP_080390 36 kDa Eif2s1 ENSMUSG00000021116 
146219837 NP_034253 162 kDa Eif3a ENSMUSG00000024991 
21703762 NP_663355 43 kDa Eif3m ENSMUSG00000027170 
176865892 NP_038534 46 kDa Eif4a2 ENSMUSG00000022884 
56699432 NP_666053 176 kDa Eif4g1 ENSMUSG00000045983 
262359885 NP_001160061 17 kDa Eif5a ENSMUSG00000078812 
257153445 NP_075968 93 kDa Elac2 ENSMUSG00000020549 
226437629 NP_034460 37 kDa Emb ENSMUSG00000021728 
6679647 NP_031957 32 kDa Endog ENSMUSG00000015337 
21313146 NP_082004 30 kDa Enkur ENSMUSG00000026679 
158853992 NP_075608 47 kDa Eno1 ENSMUSG00000063524 
153792211 NP_032839 103 kDa Enpp1 ENSMUSG00000037370 
14030779 NP_114392 54 kDa Enpp5 ENSMUSG00000023960 
161484610 NP_033979 54 kDa Entpd2 ENSMUSG00000015085 
83921570 NP_742115 50 kDa Entpd6 ENSMUSG00000033068 
7305035 NP_038541 77 kDa Epb4 ENSMUSG00000023216 
190684669 NP_906273 96 kDa Epb4.1 ENSMUSG00000028906 
112293275 NP_032558 35 kDa Epcam ENSMUSG00000045394 
6753762 NP_034275 53 kDa Ephx1 ENSMUSG00000038776 
31982393 NP_031966 63 kDa Ephx2 ENSMUSG00000022040 
82617575 NP_084011 170 kDa Eprs ENSMUSG00000026615 
13507656 NP_109636 107 kDa Erap1 ENSMUSG00000021583 
54873610 NP_001003817 139 kDa Erbb2 ENSMUSG00000062312 
13385678 NP_080446 33 kDa Ergic1 ENSMUSG00000001576 
21312962 NP_080444 42 kDa Ergic2 ENSMUSG00000030304 
13384938 NP_079792 43 kDa Ergic3 ENSMUSG00000005881 
114205437 NP_080021 55 kDa Erlec1 ENSMUSG00000020311 
256355012 NP_663477 39 kDa Erlin1 ENSMUSG00000025198 
23956396 NP_705820 38 kDa Erlin2 ENSMUSG00000031483 
124487057 NP_001074682 100 kDa Ermp1 ENSMUSG00000046324 
7657067 NP_056589 54 kDa Ero1l ENSMUSG00000021831 
19526463 NP_080405 29 kDa Erp29 ENSMUSG00000029616 
19072792 NP_083848 47 kDa Erp44 ENSMUSG00000028343 
33859650 NP_035973 122 kDa Esyt1 ENSMUSG00000025366 
227500281 NP_663590 35 kDa Etfa ENSMUSG00000032314 
38142460 NP_080971 28 kDa Etfb ENSMUSG00000004610 
254588014 NP_080070 68 kDa Etfdh ENSMUSG00000027809 
12963539 NP_075643 28 kDa Ethe1 ENSMUSG00000064254 
83921618 NP_033536 69 kDa Ezr ENSMUSG00000052397 
226443015 NP_034303 63 kDa Faah ENSMUSG00000034171 
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40254574 NP_035728 15 kDa Fabp9 ENSMUSG00000027528 
22164784 NP_666206 52 kDa Fads1 ENSMUSG00000010663 
9790071 NP_062673 52 kDa Fads2 ENSMUSG00000024665 
158533976 NP_848484 52 kDa Faf2 ENSMUSG00000025873 
29366814 NP_083905 35 kDa Fahd2a ENSMUSG00000027371 
124487360 NP_001074565 55 kDa Fam154a ENSMUSG00000028492 
21312546 NP_081618 18 kDa Fam162a ENSMUSG00000003955 
20270271 NP_620082 6 kDa Fam165b ENSMUSG00000051989 
21311859 NP_080900 37 kDa Fam166a ENSMUSG00000026969 
21703824 NP_663388 47 kDa Fam20b ENSMUSG00000033557 
34304065 NP_899095 11 kDa Fam24a ENSMUSG00000030859 
21313516 NP_079787 13 kDa Fam36a ENSMUSG00000026500 
21313538 NP_079749 25 kDa Fam3a ENSMUSG00000031399 
42734496 NP_613053 25 kDa Fam3c ENSMUSG00000029672 
158187507 NP_001103229 64 kDa Fam71a ENSMUSG00000091017 
62000656 NP_001013805 69 kDa Fam71b ENSMUSG00000020401 
31560255 NP_079752 35 kDa Fam82b ENSMUSG00000028229 
93102409 NP_032014 272 kDa Fasn ENSMUSG00000025153 
118197277 NP_032019 312 kDa Fbn1 ENSMUSG00000027204 
19882207 NP_608219 41 kDa Fdps ENSMUSG00000059743 
6679765 NP_032022 20 kDa Fdx1 ENSMUSG00000032051 
20452466 NP_032024 47 kDa Fech ENSMUSG00000024588 
167555029 NP_001104518 87 kDa Fga ENSMUSG00000028001 
33859809 NP_862897 55 kDa Fgb ENSMUSG00000033831 
19527078 NP_598623 49 kDa Fgg ENSMUSG00000033860 
226823367 NP_034339 54 kDa Fh1 ENSMUSG00000026526 
6753862 NP_034340 17 kDa Fhit ENSMUSG00000060579 
116517334 NP_034341 32 kDa Fhl1 ENSMUSG00000023092 
31560590 NP_034344 32 kDa Fhl4 ENSMUSG00000050035 
13384998 NP_079838 17 kDa Fis1 ENSMUSG00000019054 
15277331 NP_077131 22 kDa Fkbp11 ENSMUSG00000003355 
261824055 NP_001159840 15 kDa Fkbp2 ENSMUSG00000056629 
161484656 NP_034353 44 kDa Fkbp8 ENSMUSG00000019428 
125347376 NP_034357 280 kDa Flna ENSMUSG00000031328 
145966915 NP_598841 277 kDa Flnb ENSMUSG00000025278 
31542819 NP_061369 61 kDa Fmo2 ENSMUSG00000040170 
113931164 NP_084500 36 kDa Fndc8 ENSMUSG00000018844 
228008367 NP_058050 85 kDa Folh1 ENSMUSG00000001773 
269914150 NP_001017983 76 kDa Foxred2 ENSMUSG00000016552 
6755476 NP_035486 36 kDa Frzb ENSMUSG00000027004 
253795534 NP_001156743 114 kDa Fscb ENSMUSG00000043060 
31982710 NP_062515 56 kDa Fscn3 ENSMUSG00000029707 
309264486 XP_918762 783 kDa Fsip2 ENSMUSG00000075249 
114326466 NP_034370 21 kDa Ftl1 ENSMUSG00000050708 
21312526 NP_082334 17 kDa Fundc1 ENSMUSG00000025040 
262050556 NP_080402 17 kDa Fundc2 ENSMUSG00000031198 
9507187 NP_062375 11 kDa Fxc1 ENSMUSG00000089847 
6679863 NP_032070 23 kDa Fxn ENSMUSG00000059363 
47271524 NP_787949 39 kDa G6pc3 ENSMUSG00000034793 
6996917 NP_032088 59 kDa G6pdx ENSMUSG00000031400 
226693367 NP_032090 106 kDa Gaa ENSMUSG00000025579 
93102411 NP_032105 77 kDa Galc ENSMUSG00000021003 
171184398 NP_057931 58 kDa Galns ENSMUSG00000015027 
237874259 NP_038842 64 kDa Galnt1 ENSMUSG00000000420 
27370010 NP_766281 67 kDa Galnt12 ENSMUSG00000039774 
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46877109 NP_644678 65 kDa Galnt2 ENSMUSG00000089704 
162951828 NP_056551 73 kDa Galnt3 ENSMUSG00000026994 
269784707 NP_653332 75 kDa Galnt7 ENSMUSG00000031608 
31982036 NP_776100 71 kDa Galntl4 ENSMUSG00000038296 
6679891 NP_032086 109 kDa Ganab ENSMUSG00000071650 
6679939 NP_032111 47 kDa Gapdhs ENSMUSG00000061099 
116734815 NP_001070879 58 kDa Gba ENSMUSG00000028048 
160298168 NP_032121 33 kDa Gbas ENSMUSG00000029432 
240120117 NP_038875 45 kDa Gcat ENSMUSG00000006378 
61742806 NP_081651 195 kDa Gcc2 ENSMUSG00000038039 
113680425 NP_032123 49 kDa Gcdh ENSMUSG00000003809 
6680019 NP_032155 31 kDa Gclm ENSMUSG00000028124 
112807186 NP_766307 293 kDa Gcn1l1 ENSMUSG00000041638 
94394659 XP_978753 19 kDa Gcsh ENSMUSG00000034424 
9625018 NP_062526 38 kDa Gde1 ENSMUSG00000033917 
116089273 NP_032138 51 kDa Gdi2 ENSMUSG00000021218 
23956140 NP_079914 36 kDa Gdpd1 ENSMUSG00000061666 
170650599 NP_613057 84 kDa Gfm1 ENSMUSG00000027774 
225690549 NP_796240 86 kDa Gfm2 ENSMUSG00000021666 
6679995 NP_032142 62 kDa Ggt1 ENSMUSG00000006345 
6754000 NP_034424 61 kDa Gk2 ENSMUSG00000050553 
6753190 NP_033882 73 kDa Glb1 ENSMUSG00000045594 
24418925 NP_722498 74 kDa Glb1l2 ENSMUSG00000036395 
164519028 NP_001106794 76 kDa Glb1l3 ENSMUSG00000031966 
20070408 NP_613061 113 kDa Gldc ENSMUSG00000024827 
6677905 NP_033175 134 kDa Glg1 ENSMUSG00000003316 
226443038 NP_081294 27 kDa Glipr1l1 ENSMUSG00000020213 
149261181 XP_001480681 27 kDa Glipr1l1 ENSMUSG00000020213 
13385730 NP_080499 38 kDa Glipr1l2 ENSMUSG00000020214 
47059151 NP_081726 17 kDa Glipr2 ENSMUSG00000028480 
255003777 NP_080305 33 kDa Glod4 ENSMUSG00000017286 
21312153 NP_082695 16 kDa Glrx5 ENSMUSG00000021102 
124487313 NP_001074550 74 kDa Gls ENSMUSG00000026103 
6680027 NP_032159 61 kDa Glud1 ENSMUSG00000021794 
31982332 NP_032157 42 kDa Glul ENSMUSG00000026473 
149270456 XP_001478454 12 kDa Gm10053 ENSMUSG00000058927 
6679439 NP_032933 18 kDa Gm10123 ENSMUSG00000062933 
149253631 XP_001478505 11 kDa Gm10221  
149264635 XP_001473856 18 kDa Gm10260 ENSMUSG00000057657 
309263307 XP_003086015 54 kDa Gm10345 ENSMUSG00000071724 
149259896 XP_001478063 23 kDa Gm10698  
82904142 XP_911595 27 kDa Gm1096  
112807195 NP_034072 14 kDa Gm11273 ENSMUSG00000079941 
149262383 XP_001473243 16 kDa Gm11518  
67625729 NP_001020012 38 kDa Gm128 ENSMUSG00000068860 
91206446 NP_001035144 12 kDa Gm14316 ENSMUSG00000074593 
149250091 XP_001480687 15 kDa Gm15887 ENSMUSG00000078087 
149258833 XP_917761 141 kDa Gm16486  
6806917 NP_034429 21 kDa Gm2a ENSMUSG00000000594 
149259021 XP_001477595 25 kDa Gm3405  
149263552 XP_001477052 12 kDa Gm3452 ENSMUSG00000091498 
149233872 XP_001478531 16 kDa Gm3940 ENSMUSG00000078291 
149258261 XP_001480523 17 kDa Gm4459  
82943105 XP_112098 47 kDa Gm46 ENSMUSG00000071179 
46559428 NP_808261 21 kDa Gm4763 ENSMUSG00000058717 
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256221758 NP_001157778 62 kDa Gm4846 ENSMUSG00000086056 
168229152 NP_001094954 13 kDa Gm4984  
148225760 NP_001078968 76 kDa Gm595 ENSMUSG00000079606 
82880886 XP_890389 33 kDa Gm6136  
9790169 NP_062729 17 kDa Gm6169 ENSMUSG00000057762 
294459930 NP_001170887 19 kDa Gm6792 ENSMUSG00000053367 
94392438 XP_001004846 13 kDa Gm6969  
262263360 NP_001034329 38 kDa Gm7073 ENSMUSG00000079583 
150010636 NP_001092777 106 kDa Gm7173 ENSMUSG00000073077 
85702211 NP_001030043 11 kDa Gm749 ENSMUSG00000024224 
309266351 XP_003086742 34 kDa Gm8730 ENSMUSG00000063696 
268370275 NP_001028606 165 kDa Gm884 ENSMUSG00000034239 
160333553 NP_033102 18 kDa Gm9396 ENSMUSG00000063328 
6754004 NP_034431 42 kDa Gna11 ENSMUSG00000034781 
41054806 NP_032164 40 kDa Gnai2 ENSMUSG00000032562 
84662745 NP_032165 42 kDa Gnaq ENSMUSG00000024639 
229608938 NP_001153488 37 kDa Gnb1 ENSMUSG00000029064 
13937391 NP_034442 37 kDa Gnb2 ENSMUSG00000029713 
6680047 NP_032169 35 kDa Gnb2l1 ENSMUSG00000020372 
13384618 NP_079554 8 kDa Gng12 ENSMUSG00000036402 
160298207 NP_034452 77 kDa Gnpat ENSMUSG00000031985 
7305095 NP_038775 82 kDa Golga5 ENSMUSG00000021192 
226958601 NP_084311 370 kDa Golgb1 ENSMUSG00000034243 
78190500 NP_001030294 44 kDa Golm1 ENSMUSG00000021556 
14140240 NP_079949 34 kDa Golph3 ENSMUSG00000022200 
13385354 NP_080148 15 kDa Golt1b ENSMUSG00000030245 
24528553 NP_062624 25 kDa Gosr2 ENSMUSG00000020946 
6754036 NP_034455 47 kDa Got2 ENSMUSG00000031672 
34536827 NP_032175 94 kDa Gpam ENSMUSG00000024978 
6753966 NP_034401 38 kDa Gpd1 ENSMUSG00000023019 
224922803 NP_034404 81 kDa Gpd2 ENSMUSG00000026827 
254553458 NP_032181 63 kDa Gpi1 ENSMUSG00000036427 
111378397 NP_032182 94 kDa Gpld1 ENSMUSG00000021340 
27805389 NP_776291 58 kDa Gpt2 ENSMUSG00000031700 
90903233 NP_001032830 29 kDa Gpx4 ENSMUSG00000075706 
171543846 NP_034473 25 kDa Gpx5 ENSMUSG00000004344 
17933768 NP_525028 35 kDa Grhpr ENSMUSG00000035637 
224967126 NP_032201 65 kDa Grn ENSMUSG00000034708 
13277394 NP_077798 24 kDa Grpel1 ENSMUSG00000029198 
28916693 NP_666232 86 kDa Gsn ENSMUSG00000026879 
160298213 NP_034474 54 kDa Gsr ENSMUSG00000031584 
21313138 NP_083831 26 kDa Gstk1 ENSMUSG00000029864 
6754086 NP_034490 27 kDa Gstm5 ENSMUSG00000004032 
225007547 NP_080895 29 kDa Gsto2 ENSMUSG00000025069 
21536248 NP_598755 27 kDa Gstt3 ENSMUSG00000001665 
225543576 NP_032213 23 kDa Gtl3 ENSMUSG00000031796 
83320123 NP_694756 40 kDa Gtpbp10 ENSMUSG00000040464 
21313623 NP_079608 32 kDa Gtpbp8 ENSMUSG00000022668 
6754098 NP_034498 74 kDa Gusb ENSMUSG00000025534 
46909579 NP_997609 61 kDa Gyk ENSMUSG00000025059 
49355801 NP_034423 60 kDa Gykl1 ENSMUSG00000053624 
294997230 NP_996988 30 kDa H2-Ab1 ENSMUSG00000073421 
13386112 NP_080903 13 kDa H2afb1 ENSMUSG00000062651 
256773209 NP_084214 14 kDa H2afv ENSMUSG00000041126 
7106331 NP_034566 15 kDa H2afx ENSMUSG00000049932 
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283945572 NP_001152985 40 kDa H2afy ENSMUSG00000015937 
133778955 NP_034510 41 kDa H2-D1 ENSMUSG00000073411 
157951743 NP_038571 27 kDa H2-Ke6 ENSMUSG00000073422 
31982147 NP_775547 90 kDa H6pd ENSMUSG00000028980 
111038118 NP_032238 34 kDa Hadh ENSMUSG00000027984 
33859811 NP_849209 83 kDa Hadha ENSMUSG00000025745 
21704100 NP_663533 51 kDa Hadhb ENSMUSG00000059447 
227499238 NP_077246 34 kDa Hagh ENSMUSG00000024158 
6754152 NP_034531 72 kDa Hal ENSMUSG00000020017 
145301549 NP_001077424 15 kDa Hba-a1 ENSMUSG00000069919 
17647499 NP_058652 16 kDa Hbb-b2 ENSMUSG00000073940 
225543251 NP_032248 31 kDa Hccs ENSMUSG00000031352 
194353997 NP_034543 126 kDa Hdac6 ENSMUSG00000031161 
21313310 NP_084102 29 kDa Hdhd2 ENSMUSG00000025421 
21312204 NP_077219 28 kDa Hdhd3 ENSMUSG00000038422 
19527028 NP_598569 142 kDa Hdlbp ENSMUSG00000034088 
260593706 NP_001159538 180 kDa Heatr7b2 ENSMUSG00000022155 
67514549 NP_034551 61 kDa Hexa ENSMUSG00000025232 
6754186 NP_034552 61 kDa Hexb ENSMUSG00000021665 
21704140 NP_663542 35 kDa Hibadh ENSMUSG00000029776 
22122625 NP_666220 43 kDa Hibch ENSMUSG00000041426 
9789977 NP_062788 10 kDa Higd1a ENSMUSG00000038412 
33468857 NP_032274 14 kDa Hint1 ENSMUSG00000020267 
110625719 NP_081147 17 kDa Hint2 ENSMUSG00000028470 
255308928 NP_659507 119 kDa Hip1r ENSMUSG00000000915 
28316750 NP_783594 14 kDa Hist1h2ba ENSMUSG00000050799 
160420308 NP_835509 16 kDa Hist1h2bp ENSMUSG00000069308 
21361209 NP_291074 11 kDa Hist1h4h ENSMUSG00000060981 
20799907 NP_038577 14 kDa Hist2h2aa2 ENSMUSG00000064220 
225735584 NP_001139572 102 kDa Hk1 ENSMUSG00000037012 
7305143 NP_038848 103 kDa Hk2 ENSMUSG00000000628 
162329617 NP_001104752 25 kDa Hmg1l1 ENSMUSG00000066530 
171543858 NP_032280 34 kDa Hmgcl ENSMUSG00000028672 
31560689 NP_032282 57 kDa Hmgcs2 ENSMUSG00000027875 
209862939 NP_001129538 36 kDa Hmox2 ENSMUSG00000004070 
13384620 NP_079555 51 kDa Hnrnpk ENSMUSG00000021546 
13385656 NP_080428 35 kDa Hoga1 ENSMUSG00000025176 
22122847 NP_666368 40 kDa Hpdl ENSMUSG00000043155 
40807498 NP_032313 14 kDa Hrsp12 ENSMUSG00000022323 
61888838 NP_058043 27 kDa Hsd17b10 ENSMUSG00000025260 
16716597 NP_444492 33 kDa Hsd17b11 ENSMUSG00000029311 
9789991 NP_062631 35 kDa Hsd17b12 ENSMUSG00000027195 
31982273 NP_032318 79 kDa Hsd17b4 ENSMUSG00000024507 
87162470 NP_034606 37 kDa Hsd17b7 ENSMUSG00000026675 
100817045 NP_598704 41 kDa Hsd3b7 ENSMUSG00000042289 
30424792 NP_780394 37 kDa Hsdl1 ENSMUSG00000034189 
125656150 NP_077217 54 kDa Hsdl2 ENSMUSG00000028383 
6754254 NP_034610 85 kDa Hsp90aa1 ENSMUSG00000021270 
40556608 NP_032328 83 kDa Hsp90ab1 ENSMUSG00000023944 
6755863 NP_035761 92 kDa Hsp90b1 ENSMUSG00000020048 
124339826 NP_034608 70 kDa Hspa1b ENSMUSG00000090877 
124339838 NP_038586 71 kDa Hspa1l ENSMUSG00000007033 
31560686 NP_032327 70 kDa Hspa2 ENSMUSG00000059970 
40254361 NP_035150 94 kDa Hspa4l ENSMUSG00000025757 
254540166 NP_071705 72 kDa Hspa5 ENSMUSG00000026864 
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31981690 NP_112442 71 kDa Hspa8 ENSMUSG00000015656 
162461907 NP_034611 73 kDa Hspa9 ENSMUSG00000024359 
254675150 NP_083583 22 kDa Hspb9 ENSMUSG00000017832 
13195602 NP_077134 39 kDa Hspbp1 ENSMUSG00000063802 
183396771 NP_034607 61 kDa Hspd1 ENSMUSG00000025980 
6680309 NP_032329 11 kDa Hspe1 ENSMUSG00000073676 
254281222 NP_062726 49 kDa Htra2 ENSMUSG00000068329 
45439304 NP_034544 345 kDa Htt ENSMUSG00000029104 
74315965 NP_083233 61 kDa Hyal5 ENSMUSG00000029678 
46361984 NP_766504 582 kDa Hydin ENSMUSG00000059854 
157951706 NP_067370 111 kDa Hyou1 ENSMUSG00000032115 
27754071 NP_080623 28 kDa Iah1 ENSMUSG00000062054 
38490690 NP_941055 113 kDa Iars2 ENSMUSG00000026618 
121583922 NP_112419 118 kDa Ide ENSMUSG00000056999 
225579033 NP_766599 51 kDa Idh2 ENSMUSG00000030541 
18250284 NP_083849 40 kDa Idh3a ENSMUSG00000032279 
18700024 NP_570954 42 kDa Idh3b ENSMUSG00000027406 
6680345 NP_032349 43 kDa Idh3g ENSMUSG00000002010 
21539593 NP_079654 15 kDa Ifitm3 ENSMUSG00000025492 
133778978 NP_034645 274 kDa Igf2r ENSMUSG00000023830 
30424591 NP_776112 68 kDa Ilvbl ENSMUSG00000032763 
31981468 NP_444352 20 kDa Immp2l ENSMUSG00000056899 
70608131 NP_083949 84 kDa Immt ENSMUSG00000052337 
31980942 NP_061352 30 kDa Impa1 ENSMUSG00000027531 
29244210 NP_808398 39 kDa Impad1 ENSMUSG00000066324 
29789199 NP_076068 124 kDa Ipo5 ENSMUSG00000030662 
74229034 NP_852658 119 kDa Ipo7 ENSMUSG00000066232 
54020727 NP_080366 24 kDa Iqcf4 ENSMUSG00000041009 
222831630 NP_083576 18 kDa Iqcf5 ENSMUSG00000066382 
242332572 NP_057930 189 kDa Iqgap1 ENSMUSG00000030536 
255683447 NP_766123 92 kDa Iqub ENSMUSG00000046192 
134031980 NP_950178 51 kDa Irgc1 ENSMUSG00000062028 
6680351 NP_032352 47 kDa Irgm1 ENSMUSG00000046879 
254039596 NP_083139 17 kDa Isca2 ENSMUSG00000021241 
21313484 NP_079802 18 kDa Iscu ENSMUSG00000025825 
15805028 NP_065608 21 kDa Isg20 ENSMUSG00000039236 
197333728 NP_001095068 22 kDa Isoc2a ENSMUSG00000086784 
7305189 NP_038593 117 kDa Itga3 ENSMUSG00000001507 
154240716 NP_032428 115 kDa Itgav ENSMUSG00000027087 
45504394 NP_034708 88 kDa Itgb1 ENSMUSG00000025809 
6680502 NP_032436 30 kDa Itm2b ENSMUSG00000022108 
291327470 NP_034715 313 kDa Itpr1 ENSMUSG00000030102 
61102728 NP_542120 304 kDa Itpr3 ENSMUSG00000042644 
9789985 NP_062800 46 kDa Ivd ENSMUSG00000027332 
65301151 NP_001018013 45 kDa Izumo1 ENSMUSG00000064158 
28395018 NP_034723 82 kDa Jup ENSMUSG00000001552 
19527170 NP_598711 25 kDa Kdelr1 ENSMUSG00000002778 
13385318 NP_080117 24 kDa Kdelr2 ENSMUSG00000079111 
110625780 NP_081810 36 kDa Kdsr ENSMUSG00000009905 
61657921 NP_032474 110 kDa Kif5b ENSMUSG00000006740 
88014720 NP_032405 97 kDa Kpnb1 ENSMUSG00000001440 
126116585 NP_032499 66 kDa Krt1 ENSMUSG00000046834 
112983636 NP_034790 57 kDa Krt10 ENSMUSG00000019761 
21489935 NP_058654 53 kDa Krt14 ENSMUSG00000045545 
226823220 NP_032495 49 kDa Krt15 ENSMUSG00000054146 
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6680604 NP_032496 52 kDa Krt16 ENSMUSG00000053797 
7106335 NP_034793 48 kDa Krt17 ENSMUSG00000035557 
254540068 NP_034794 48 kDa Krt18 ENSMUSG00000023043 
6680606 NP_032497 45 kDa Krt19 ENSMUSG00000020911 
124487419 NP_034798 71 kDa Krt2 ENSMUSG00000064201 
7106337 NP_034796 49 kDa Krt27 ENSMUSG00000017588 
145966692 NP_034789 47 kDa Krt31 ENSMUSG00000048981 
291575137 NP_001167570 53 kDa Krt36 ENSMUSG00000020916 
154090941 NP_997648 50 kDa Krt42 ENSMUSG00000053654 
20911031 NP_081287 62 kDa Krt5 ENSMUSG00000061527 
54607171 NP_032502 59 kDa Krt6a ENSMUSG00000058354 
9910294 NP_064340 57 kDa Krt71 ENSMUSG00000051879 
47059013 NP_997650 59 kDa Krt73 ENSMUSG00000063661 
29789317 NP_579935 60 kDa Krt75 ENSMUSG00000022986 
85701680 NP_001028349 63 kDa Krt76 ENSMUSG00000075402 
51092293 NP_001003667 61 kDa Krt77 ENSMUSG00000067594 
145580629 NP_997652 112 kDa Krt78 ENSMUSG00000050463 
114145561 NP_112447 55 kDa Krt8 ENSMUSG00000049382 
124249090 NP_083046 51 kDa Krt80 ENSMUSG00000037185 
225903444 NP_032500 65 kDa Krt84 ENSMUSG00000044294 
21703884 NP_663418 51 kDa L2hgdh ENSMUSG00000020988 
13507666 NP_109642 61 kDa Lactb ENSMUSG00000032370 
21703764 NP_663356 33 kDa Lactb2 ENSMUSG00000025937 
114326497 NP_032508 202 kDa Lamb1 ENSMUSG00000002900 
31982223 NP_032509 197 kDa Lamb2 ENSMUSG00000052911 
153791270 NP_034813 177 kDa Lamc1 ENSMUSG00000026478 
113195678 NP_034814 44 kDa Lamp1 ENSMUSG00000031447 
31543108 NP_034815 46 kDa Lamp2 ENSMUSG00000016534 
13752573 NP_112538 13 kDa Lamtor2 ENSMUSG00000028062 
9910452 NP_064304 14 kDa Lamtor3 ENSMUSG00000091512 
21489937 NP_067270 45 kDa Lancl1 ENSMUSG00000026000 
255069715 NP_077754 56 kDa Lap3 ENSMUSG00000039682 
120537241 NP_598898 134 kDa Lars ENSMUSG00000024493 
23346617 NP_694808 101 kDa Lars2 ENSMUSG00000035202 
22095015 NP_084065 45 kDa Lass2 ENSMUSG00000015714 
27370296 NP_766444 45 kDa Lass6 ENSMUSG00000027035 
124486722 NP_001074540 44 kDa Lclat1 ENSMUSG00000054469 
58037499 NP_084234 22 kDa Lcn12 ENSMUSG00000026943 
110835737 NP_031973 21 kDa Lcn5 ENSMUSG00000026937 
257743039 NP_001129541 40 kDa Ldha ENSMUSG00000063229 
30425048 NP_780558 42 kDa Ldhal6b  
7305229 NP_038608 36 kDa Ldhc ENSMUSG00000030851 
34328379 NP_081846 52 kDa Ldhd ENSMUSG00000031958 
9789997 NP_062668 83 kDa Letm1 ENSMUSG00000005299 
19527322 NP_598854 42 kDa Letmd1 ENSMUSG00000037353 
6755144 NP_035280 64 kDa Lgals3bp ENSMUSG00000033880 
13277380 NP_077791 42 kDa Lias ENSMUSG00000029199 
87239970 NP_034849 88 kDa Lipe ENSMUSG00000003123 
21312570 NP_081676 58 kDa Lman1 ENSMUSG00000041891 
34328278 NP_080104 40 kDa Lman2 ENSMUSG00000021484 
309261987 XP_003085225 14 kDa LOC100505330  
116089322 NP_083058 106 kDa Lonp1 ENSMUSG00000041168 
13385298 NP_080103 95 kDa Lonp2 ENSMUSG00000047866 
21699058 NP_660112 56 kDa Lpcat3 ENSMUSG00000004270 
225543157 NP_848780 66 kDa Lpp ENSMUSG00000033306 
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117956397 NP_001071156 309 kDa Lrba ENSMUSG00000028080 
124494256 NP_032538 505 kDa Lrp1 ENSMUSG00000040249 
124487372 NP_001074557 519 kDa Lrp2 ENSMUSG00000027070 
63999380 NP_038615 42 kDa Lrpap1 ENSMUSG00000029103 
134031976 NP_082509 157 kDa Lrpprc ENSMUSG00000024120 
13385762 NP_080529 30 kDa Lrrc18 ENSMUSG00000041673 
309262425 XP_911630 139 kDa Lrrc37a ENSMUSG00000078632 
21312844 NP_083320 61 kDa Lrrc48 ENSMUSG00000056598 
19527026 NP_598568 35 kDa Lrrc59 ENSMUSG00000020869 
254675306 NP_083191 115 kDa Lrrcc1 ENSMUSG00000027550 
22122469 NP_666118 83 kDa Lss ENSMUSG00000033105 
31560677 NP_032548 78 kDa Ltf ENSMUSG00000032496 
22507343 NP_683741 22 kDa Ly6g5b ENSMUSG00000043807 
33354251 NP_877586 27 kDa Lypd4 ENSMUSG00000062732 
227496223 NP_666218 26 kDa Lyplal1 ENSMUSG00000039246 
41235733 NP_958746 11 kDa Lyrm4 ENSMUSG00000046573 
13385592 NP_080368 17 kDa Lyzl1 ENSMUSG00000024233 
21312181 NP_081191 16 kDa Lyzl4 ENSMUSG00000032530 
58037161 NP_081359 17 kDa Lyzl6 ENSMUSG00000020945 
170650601 NP_598908 35 kDa Macrod1 ENSMUSG00000036278 
298676496 NP_080228 42 kDa Magt1 ENSMUSG00000031232 
6678788 NP_032574 73 kDa Man1a ENSMUSG00000003746 
27777691 NP_766491 93 kDa Man2a2 ENSMUSG00000038886 
113195690 NP_034894 115 kDa Man2b1 ENSMUSG00000005142 
30794150 NP_082912 116 kDa Man2c1 ENSMUSG00000032295 
158533990 NP_081564 101 kDa Manba ENSMUSG00000028164 
110625813 NP_083379 20 kDa Manf ENSMUSG00000032575 
255759902 NP_776101 60 kDa Maoa ENSMUSG00000025037 
257196228 NP_766366 59 kDa Maob ENSMUSG00000040147 
256773297 NP_081590 31 kDa March5 ENSMUSG00000023307 
21450263 NP_659137 53 kDa Mavs ENSMUSG00000037523 
294610683 NP_001009949 34 kDa Mcart1 ENSMUSG00000045973 
71725343 NP_001025185 42 kDa Mcat ENSMUSG00000048755 
186700620 NP_076133 79 kDa Mccc1 ENSMUSG00000027709 
73622267 NP_084302 61 kDa Mccc2 ENSMUSG00000021646 
114205406 NP_034909 27 kDa Mcpt4 ENSMUSG00000061068 
13384966 NP_079819 20 kDa Mcts2 ENSMUSG00000042814 
254540027 NP_032644 37 kDa Mdh1 ENSMUSG00000020321 
31982186 NP_032643 36 kDa Mdh2 ENSMUSG00000019179 
21703972 NP_663469 66 kDa Me2 ENSMUSG00000024556 
227116358 NP_079573 40 kDa Mecr ENSMUSG00000028910 
228480219 NP_075892 25 kDa Mesdc2 ENSMUSG00000038503 
27229243 NP_084066 45 kDa Mettl15 ENSMUSG00000057234 
33563290 NP_081610 28 kDa Mettl7a1 ENSMUSG00000054619 
113865977 NP_001038954 47 kDa Mfge8 ENSMUSG00000030605 
244793488 NP_077162 84 kDa Mfn1 ENSMUSG00000027668 
261878516 NP_001159723 35 kDa Mgll ENSMUSG00000033174 
31981068 NP_064330 18 kDa Mgst1 ENSMUSG00000008540 
13385010 NP_079845 17 kDa Mgst3 ENSMUSG00000026688 
124001582 NP_796363 214 kDa Mia3 ENSMUSG00000056050 
160333185 NP_081712 81 kDa Mipep ENSMUSG00000021993 
188497650 NP_780612 32 kDa Mlec ENSMUSG00000048578 
88196769 NP_034931 30 kDa Mlf1 ENSMUSG00000048416 
56797739 NP_064350 55 kDa Mlycd ENSMUSG00000074064 
31541923 NP_598584 46 kDa Mmaa ENSMUSG00000037022 
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31543255 NP_032630 86 kDa Mme ENSMUSG00000027820 
22122803 NP_666346 15 kDa Mmgt1 ENSMUSG00000061273 
31981106 NP_065644 92 kDa Mogs ENSMUSG00000030036 
58037413 NP_083585 20 kDa Morn5 ENSMUSG00000026894 
19526848 NP_598445 38 kDa Mosc2 ENSMUSG00000073481 
167234396 NP_084006 60 kDa Mospd2 ENSMUSG00000061778 
244789999 NP_619611 33 kDa Mpst ENSMUSG00000071711 
34147205 NP_898993 23 kDa Mpv17l2 ENSMUSG00000035559 
224967062 NP_032651 165 kDa Mrc1 ENSMUSG00000026712 
84875528 NP_444388 38 kDa Mrpl1 ENSMUSG00000029486 
13385658 NP_080430 29 kDa Mrpl10 ENSMUSG00000001445 
22164792 NP_081480 22 kDa Mrpl12 ENSMUSG00000039640 
21312936 NP_081035 21 kDa Mrpl13 ENSMUSG00000022370 
21312028 NP_081008 16 kDa Mrpl14 ENSMUSG00000023939 
295054166 NP_001171129 34 kDa Mrpl15 ENSMUSG00000033845 
13384658 NP_079577 20 kDa Mrpl17 ENSMUSG00000030879 
13385808 NP_080586 21 kDa Mrpl18 ENSMUSG00000057388 
13385976 NP_080766 34 kDa Mrpl19 ENSMUSG00000030045 
13384660 NP_079578 33 kDa Mrpl2 ENSMUSG00000002767 
20270194 NP_079846 18 kDa Mrpl20 ENSMUSG00000029066 
31982032 NP_758456 24 kDa Mrpl21 ENSMUSG00000024829 
262263310 NP_778166 24 kDa Mrpl22 ENSMUSG00000020514 
6755352 NP_035418 17 kDa Mrpl23 ENSMUSG00000037772 
16716447 NP_444391 16 kDa Mrpl27 ENSMUSG00000024414 
26787989 NP_077189 30 kDa Mrpl28 ENSMUSG00000024181 
31981470 NP_444389 39 kDa Mrpl3 ENSMUSG00000032563 
21312302 NP_081374 18 kDa Mrpl30 ENSMUSG00000026087 
21312948 NP_083547 22 kDa Mrpl32 ENSMUSG00000015672 
22128625 NP_079776 48 kDa Mrpl37 ENSMUSG00000028622 
124430535 NP_077139 45 kDa Mrpl38 ENSMUSG00000020775 
31560438 NP_059100 35 kDa Mrpl39 ENSMUSG00000022889 
119508437 NP_075656 33 kDa Mrpl4 ENSMUSG00000003299 
113461980 NP_001026978 15 kDa Mrpl41 ENSMUSG00000036850 
17298676 NP_444394 18 kDa Mrpl43 ENSMUSG00000025208 
124487075 NP_001074679 38 kDa Mrpl44 ENSMUSG00000026248 
13385418 NP_080203 35 kDa Mrpl45 ENSMUSG00000018882 
12963643 NP_075820 32 kDa Mrpl46 ENSMUSG00000030612 
148368964 NP_942128 24 kDa Mrpl48 ENSMUSG00000030706 
13385752 NP_080522 19 kDa Mrpl49 ENSMUSG00000007338 
30519921 NP_848718 18 kDa Mrpl50 ENSMUSG00000044018 
30348981 NP_081127 14 kDa Mrpl52 ENSMUSG00000010406 
21313040 NP_081020 13 kDa Mrpl53 ENSMUSG00000030037 
21313400 NP_080311 15 kDa Mrpl55 ENSMUSG00000036860 
226246598 NP_898909 19 kDa Mrps10 ENSMUSG00000034729 
170650663 NP_080774 20 kDa Mrps11 ENSMUSG00000030611 
13384894 NP_079750 15 kDa Mrps14 ENSMUSG00000058267 
48526512 NP_079820 29 kDa Mrps15 ENSMUSG00000028861 
13384844 NP_079716 15 kDa Mrps16 ENSMUSG00000049960 
13384854 NP_079726 13 kDa Mrps17 ENSMUSG00000034211 
17505206 NP_081044 22 kDa Mrps18a ENSMUSG00000023967 
23956152 NP_080154 29 kDa Mrps18b ENSMUSG00000024436 
260593696 NP_536700 32 kDa Mrps2 ENSMUSG00000035772 
17505220 NP_510964 11 kDa Mrps21 ENSMUSG00000054312 
13384904 NP_079761 41 kDa Mrps22 ENSMUSG00000032459 
13385578 NP_080356 19 kDa Mrps24 ENSMUSG00000020477 
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31981257 NP_079854 20 kDa Mrps25 ENSMUSG00000014551 
50980303 NP_776118 48 kDa Mrps27 ENSMUSG00000041632 
254587936 NP_079710 21 kDa Mrps28 ENSMUSG00000040269 
29789128 NP_067531 50 kDa Mrps30 ENSMUSG00000021731 
10181116 NP_065585 44 kDa Mrps31 ENSMUSG00000031533 
33859564 NP_034400 12 kDa Mrps33 ENSMUSG00000029918 
13385670 NP_075749 26 kDa Mrps34 ENSMUSG00000038880 
148235701 NP_663548 36 kDa Mrps35 ENSMUSG00000040112 
13384742 NP_079645 11 kDa Mrps36 ENSMUSG00000061474 
23956244 NP_536704 14 kDa Mrps6 ENSMUSG00000039680 
169790909 NP_076003 45 kDa Mrps9 ENSMUSG00000060679 
9845273 NP_063933 42 kDa Mtch1 ENSMUSG00000024012 
9790055 NP_062732 33 kDa Mtch2 ENSMUSG00000027282 
34538600 NP_904330 57 kDa mt-Co1 ENSMUSG00000064351 
34538601 NP_904331 26 kDa mt-Co2 ENSMUSG00000064354 
31982233 NP_080278 64 kDa Mtdh ENSMUSG00000022255 
31980939 NP_080719 18 kDa Mtfp1 ENSMUSG00000004748 
188528646 NP_955005 37 kDa Mtg1 ENSMUSG00000039018 
283135110 NP_758512 106 kDa Mthfd1l ENSMUSG00000040675 
6678952 NP_032664 38 kDa Mthfd2 ENSMUSG00000005667 
110625866 NP_598528 81 kDa Mtif2 ENSMUSG00000020459 
34538598 NP_904328 36 kDa mt-Nd1 ENSMUSG00000064341 
34538607 NP_904337 52 kDa mt-Nd4 ENSMUSG00000064363 
34538608 NP_904338 68 kDa mt-Nd5 ENSMUSG00000064367 
227330586 NP_064393 289 kDa Mtor ENSMUSG00000028991 
21312970 NP_080433 65 kDa Mtpap ENSMUSG00000024234 
254540023 NP_001156929 101 kDa Mttp ENSMUSG00000028158 
241982740 NP_038632 51 kDa Mtx1 ENSMUSG00000064068 
228480241 NP_058084 30 kDa Mtx2 ENSMUSG00000027099 
242397501 NP_001156417 35 kDa Mtx3 ENSMUSG00000021704 
147905740 NP_083077 515 kDa Muc5b ENSMUSG00000066108 
31541787 NP_080965 40 kDa Mul1 ENSMUSG00000041241 
148540106 NP_032676 83 kDa Mut ENSMUSG00000023921 
239052674 NP_542369 97 kDa Mvp ENSMUSG00000030681 
84871978 NP_062634 12 kDa Mycbp ENSMUSG00000028647 
127141012 NP_997098 521 kDa Mycbp2 ENSMUSG00000033004 
33598964 NP_780469 229 kDa Myh10 ENSMUSG00000020900 
241982716 NP_038635 223 kDa Myh11 ENSMUSG00000018830 
29336026 NP_082297 228 kDa Myh14 ENSMUSG00000030739 
114326446 NP_071855 226 kDa Myh9 ENSMUSG00000022443 
21728376 NP_075891 20 kDa Myl12b ENSMUSG00000034868 
33620739 NP_034990 17 kDa Myl6 ENSMUSG00000090841 
240120042 NP_001155289 132 kDa Myo1b ENSMUSG00000018417 
124494242 NP_001074244 120 kDa Myo1c ENSMUSG00000017774 
118026911 NP_796364 116 kDa Myo1d ENSMUSG00000035441 
111120334 NP_796350 151 kDa Myo3b ENSMUSG00000042064 
46399202 NP_963894 211 kDa Myo5b ENSMUSG00000025885 
261823961 NP_001034635 146 kDa Myo6 ENSMUSG00000033577 
153791796 NP_001093104 233 kDa Myof ENSMUSG00000048612 
168693635 NP_032695 47 kDa Naga ENSMUSG00000022453 
254910995 NP_038820 83 kDa Naglu ENSMUSG00000001751 
13385392 NP_080174 33 kDa Napa ENSMUSG00000006024 
110625902 NP_082293 35 kDa Napg ENSMUSG00000024581 
6680552 NP_032463 46 kDa Napsa ENSMUSG00000002204 
124517689 NP_001074914 93 kDa Ncam1 ENSMUSG00000039542 
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28395023 NP_058661 129 kDa Nckap1 ENSMUSG00000027002 
33469043 NP_598770 63 kDa Ncln ENSMUSG00000020238 
224809376 NP_067620 78 kDa Ncstn ENSMUSG00000003458 
13195624 NP_077159 41 kDa Ndufa10 ENSMUSG00000026260 
226437665 NP_081520 15 kDa Ndufa11 ENSMUSG00000002379 
27228985 NP_079827 18 kDa Ndufa12 ENSMUSG00000020022 
12963633 NP_075801 17 kDa Ndufa13 ENSMUSG00000036199 
31981600 NP_035015 11 kDa Ndufa2 ENSMUSG00000014294 
21539587 NP_079624 9 kDa Ndufa3 ENSMUSG00000035674 
13386100 NP_080890 13 kDa Ndufa5 ENSMUSG00000023089 
13385492 NP_080263 15 kDa Ndufa6 ENSMUSG00000022450 
12963571 NP_075691 13 kDa Ndufa7 ENSMUSG00000041881 
21312012 NP_080979 20 kDa Ndufa8 ENSMUSG00000026895 
254692859 NP_079634 43 kDa Ndufa9 ENSMUSG00000000399 
12963603 NP_075736 21 kDa Ndufaf3 ENSMUSG00000070283 
58037109 NP_080960 21 kDa Ndufb10 ENSMUSG00000040048 
158631246 NP_062308 17 kDa Ndufb11 ENSMUSG00000031059 
149266669 XP_001476621 15 kDa Ndufb4 ENSMUSG00000022820 
27754144 NP_079592 22 kDa Ndufb5 ENSMUSG00000027673 
84781779 NP_001028477 16 kDa Ndufb6 ENSMUSG00000071014 
13385322 NP_080119 16 kDa Ndufb7 ENSMUSG00000033938 
13385558 NP_080337 22 kDa Ndufb8 ENSMUSG00000025204 
29789148 NP_075661 22 kDa Ndufb9 ENSMUSG00000022354 
18859597 NP_077182 14 kDa Ndufc2 ENSMUSG00000030647 
229892316 NP_663493 80 kDa Ndufs1 ENSMUSG00000025968 
23346461 NP_694704 53 kDa Ndufs2 ENSMUSG00000013593 
58037117 NP_080964 30 kDa Ndufs3 ENSMUSG00000005510 
281485615 NP_035017 20 kDa Ndufs4 ENSMUSG00000021764 
309265938 XP_003086650 13 kDa Ndufs5 ENSMUSG00000028648 
56711244 NP_035018 13 kDa Ndufs6 ENSMUSG00000021606 
21312950 NP_083548 25 kDa Ndufs7 ENSMUSG00000020153 
46195430 NP_659119 24 kDa Ndufs8 ENSMUSG00000059734 
19526814 NP_598427 51 kDa Ndufv1 ENSMUSG00000037916 
140972309 NP_084363 50 kDa Ndufv3 ENSMUSG00000024038 
161016824 NP_035041 51 kDa Nfs1 ENSMUSG00000027618 
27369692 NP_766089 38 kDa Nhlrc3 ENSMUSG00000042997 
41056093 NP_075364 42 kDa Nif3l1 ENSMUSG00000026036 
6679066 NP_032724 33 kDa Nipsnap1 ENSMUSG00000034285 
13385084 NP_079899 28 kDa Nipsnap3b ENSMUSG00000015247 
6754856 NP_036179 36 kDa Nit1 ENSMUSG00000013997 
12963555 NP_075664 31 kDa Nit2 ENSMUSG00000022751 
28077051 NP_083723 80 kDa Nln ENSMUSG00000021710 
255522931 NP_848507 108 kDa Nlrx1 ENSMUSG00000032109 
117606270 NP_001070997 17 kDa Nme2 ENSMUSG00000020857 
255308888 NP_062704 19 kDa Nme3 ENSMUSG00000073435 
229608935 NP_612187 44 kDa Nme7 ENSMUSG00000026575 
21362329 NP_653116 28 kDa Nmnat3 ENSMUSG00000032456 
31543330 NP_032736 114 kDa Nnt ENSMUSG00000025453 
227908803 NP_694697 133 kDa Nomo1 ENSMUSG00000030835 
89242146 NP_032746 143 kDa Npc1 ENSMUSG00000024413 
12963667 NP_075898 16 kDa Npc2 ENSMUSG00000021242 
68226731 NP_032968 103 kDa Npepps ENSMUSG00000001441 
94400773 NP_032732 31 kDa Nqo1 ENSMUSG00000003849 
31559918 NP_666262 133 kDa Nrd1 ENSMUSG00000053510 
31982437 NP_035071 41 kDa Nsdhl ENSMUSG00000031349 
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268370191 NP_081864 65 kDa Nt5c1b ENSMUSG00000020622 
167234411 NP_084036 34 kDa Nubpl ENSMUSG00000035142 
194440700 NP_001123951 50 kDa Nucb2 ENSMUSG00000030659 
21312664 NP_080773 52 kDa Nudt12 ENSMUSG00000024228 
86198335 NP_079815 17 kDa Nudt2 ENSMUSG00000028443 
165972342 NP_077757 27 kDa Nudt7 ENSMUSG00000031767 
13384950 NP_079805 23 kDa Nudt8 ENSMUSG00000024869 
165932389 NP_573490 155 kDa Nup155 ENSMUSG00000022142 
226437676 NP_081789 227 kDa Nup205 ENSMUSG00000038759 
172073152 NP_061285 204 kDa Nup210 ENSMUSG00000030091 
254675162 NP_084213 209 kDa Nup210l ENSMUSG00000027939 
8393866 NP_058674 48 kDa Oat ENSMUSG00000030934 
190844347 NP_058597 28 kDa Oaz3 ENSMUSG00000028141 
12963675 NP_075918 28 kDa Ociad1 ENSMUSG00000029152 
58219050 NP_081226 17 kDa Ociad2 ENSMUSG00000029153 
158341656 NP_032783 28 kDa Odf1 ENSMUSG00000061923 
295054193 NP_001171132 81 kDa Odf2 ENSMUSG00000026790 
295054201 NP_001171133 73 kDa Odf2 ENSMUSG00000026790 
153791370 NP_081295 28 kDa Odf3 ENSMUSG00000025482 
38348576 NP_941075 31 kDa Odf3l1 ENSMUSG00000045620 
85861164 NP_035086 116 kDa Ogdh ENSMUSG00000020456 
124487483 NP_001074599 117 kDa Ogdhl ENSMUSG00000021913 
19526960 NP_598513 111 kDa Opa1 ENSMUSG00000038084 
110625722 NP_997408 20 kDa Opa3 ENSMUSG00000052214 
23346557 NP_694762 138 kDa Oplah ENSMUSG00000022562 
18266680 NP_077150 56 kDa Oxct1 ENSMUSG00000022186 
160358827 NP_862907 57 kDa Oxct2b ENSMUSG00000076438 
170932556 NP_663435 35 kDa Oxnad1 ENSMUSG00000021906 
58037235 NP_081971 49 kDa Oxsm ENSMUSG00000021786 
42415475 NP_035162 57 kDa P4hb ENSMUSG00000025130 
66392180 NP_081308 28 kDa Pacrg ENSMUSG00000037196 
13385012 NP_079847 14 kDa Pam16 ENSMUSG00000014301 
52421794 NP_082557 15 kDa Pcbd2 ENSMUSG00000021496 
6754994 NP_035995 37 kDa Pcbp1 ENSMUSG00000051695 
254540162 NP_659093 80 kDa Pcca ENSMUSG00000041650 
13385310 NP_080111 58 kDa Pccb ENSMUSG00000032527 
28077029 NP_083270 73 kDa Pck2 ENSMUSG00000040618 
251823978 NP_032823 130 kDa Pcx ENSMUSG00000024892 
13385294 NP_080099 56 kDa Pcyox1 ENSMUSG00000029998 
258547152 NP_001158149 97 kDa Pdcd6ip ENSMUSG00000032504 
6679261 NP_032836 43 kDa Pdha1 ENSMUSG00000031299 
6679263 NP_032837 43 kDa Pdha2 ENSMUSG00000047674 
18152793 NP_077183 39 kDa Pdhb ENSMUSG00000021748 
28201978 NP_780303 54 kDa Pdhx ENSMUSG00000010914 
112293264 NP_031978 57 kDa Pdia3 ENSMUSG00000027248 
86198316 NP_033917 72 kDa Pdia4 ENSMUSG00000025823 
30794140 NP_082571 59 kDa Pdia5 ENSMUSG00000022844 
58037267 NP_082235 49 kDa Pdia6 ENSMUSG00000020571 
110625975 NP_766253 49 kDa Pdk1 ENSMUSG00000006494 
226958643 NP_598428 46 kDa Pdk2 ENSMUSG00000038967 
21704122 NP_663605 48 kDa Pdk3 ENSMUSG00000035232 
38142488 NP_938050 99 kDa Pdpr ENSMUSG00000033624 
88758582 NP_444411 87 kDa Pdxdc1 ENSMUSG00000022680 
84794552 NP_061346 21 kDa Pebp1 ENSMUSG00000032959 
227908837 NP_076012 32 kDa Pecr ENSMUSG00000026189 
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31980937 NP_080717 29 kDa Pef1 ENSMUSG00000028779 
61657895 NP_082053 137 kDa Pex1 ENSMUSG00000005907 
109150414 NP_001035866 37 kDa Pex10 ENSMUSG00000029047 
241666481 NP_035199 29 kDa Pex11b ENSMUSG00000028102 
21703962 NP_663463 105 kDa Pex6 ENSMUSG00000002763 
254553344 NP_067489 85 kDa Pfkm ENSMUSG00000033065 
9790051 NP_062677 85 kDa Pfkp ENSMUSG00000021196 
6755040 NP_035202 15 kDa Pfn1 ENSMUSG00000018293 
21312794 NP_083579 15 kDa Pfn3 ENSMUSG00000044444 
9256624 NP_061358 29 kDa Pgam2 ENSMUSG00000020475 
254587962 NP_001157010 32 kDa Pgam5 ENSMUSG00000029500 
254028203 NP_001156786 105 kDa Pgap1 ENSMUSG00000070889 
21704172 NP_663558 29 kDa Pgap2 ENSMUSG00000030990 
148232950 NP_061225 52 kDa Pgcp ENSMUSG00000039007 
226246531 NP_112467 45 kDa Pgk2 ENSMUSG00000031233 
13384778 NP_079672 27 kDa Pgls ENSMUSG00000031807 
110626163 NP_598518 62 kDa Pgs1 ENSMUSG00000017715 
6679299 NP_032857 30 kDa Phb ENSMUSG00000038845 
85702063 NP_001028937 29 kDa Phb ENSMUSG00000038845 
126723336 NP_031557 33 kDa Phb2 ENSMUSG00000004264 
52353955 NP_058662 57 kDa Phgdh ENSMUSG00000053398 
241982771 NP_001001983 231 kDa Pi4ka ENSMUSG00000041720 
124486987 NP_001074703 108 kDa Pigg ENSMUSG00000029263 
41351529 NP_958808 62 kDa Pigs ENSMUSG00000041958 
120587021 NP_598540 66 kDa Pigt ENSMUSG00000017721 
9790159 NP_062614 31 kDa Pitpnb ENSMUSG00000050017 
21699068 NP_660113 117 kDa Pitrm1 ENSMUSG00000021193 
31981562 NP_035229 58 kDa Pkm2 ENSMUSG00000032294 
9790161 NP_062619 81 kDa Pkp1 ENSMUSG00000026413 
170295846 NP_075685 21 kDa Pla2g12a ENSMUSG00000027999 
124487227 NP_001074876 165 kDa Plb1 ENSMUSG00000029134 
31560090 NP_076114 66 kDa Plbd2 ENSMUSG00000029598 
254675115 NP_001157012 534 kDa Plec ENSMUSG00000022565 
13385312 NP_080112 47 kDa Plin3 ENSMUSG00000024197 
21704120 NP_663604 71 kDa Pls3 ENSMUSG00000016382 
226958474 NP_620088 206 kDa Plxnb2 ENSMUSG00000036606 
31981217 NP_068682 66 kDa Pmel ENSMUSG00000025359 
8393988 NP_058577 28 kDa Pmm2 ENSMUSG00000022711 
27502349 NP_775272 58 kDa Pmpca ENSMUSG00000026926 
95113671 NP_082707 55 kDa Pmpcb ENSMUSG00000029017 
87239984 NP_001034598 43 kDa Pnkd ENSMUSG00000026179 
170763470 NP_056616 147 kDa Pnpla6 ENSMUSG00000004565 
118130807 NP_080440 87 kDa Pnpla8 ENSMUSG00000036257 
25188204 NP_082145 86 kDa Pnpt1 ENSMUSG00000020464 
14780884 NP_080665 42 kDa Poldip2 ENSMUSG00000001100 
6679421 NP_032924 77 kDa Por ENSMUSG00000005514 
22203753 NP_666253 38 kDa Ppa2 ENSMUSG00000028013 
45592928 NP_032273 32 kDa Ppap2a ENSMUSG00000021759 
77861908 NP_083198 32 kDa Ppapdc2 ENSMUSG00000040105 
71774133 NP_035279 24 kDa Ppib ENSMUSG00000032383 
19527310 NP_598845 22 kDa Ppif ENSMUSG00000021868 
162329596 NP_082706 36 kDa Ppil6 ENSMUSG00000078451 
6679445 NP_032937 51 kDa Ppox ENSMUSG00000062729 
31980772 NP_038664 37 kDa Ppp1cc ENSMUSG00000004455 
9506983 NP_062284 36 kDa Ppp2ca ENSMUSG00000020349 
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77539770 NP_001029257 73 kDa Ppp2r1b ENSMUSG00000032058 
51591899 NP_001004025 21 kDa Ppp3r2 ENSMUSG00000028310 
21312758 NP_077171 35 kDa Ppp6c ENSMUSG00000026753 
121674797 NP_032943 34 kDa Ppt1 ENSMUSG00000028657 
46195809 NP_796216 33 kDa Pptc7 ENSMUSG00000038582 
6754976 NP_035164 22 kDa Prdx1 ENSMUSG00000028691 
148747558 NP_035693 22 kDa Prdx2 ENSMUSG00000005161 
6680690 NP_031478 28 kDa Prdx3 ENSMUSG00000024997 
6755114 NP_036151 22 kDa Prdx5 ENSMUSG00000024953 
158749640 NP_057912 45 kDa Preb ENSMUSG00000045302 
7110693 NP_032880 41 kDa Prkaca ENSMUSG00000005469 
255958156 NP_001157672 46 kDa Prkacb ENSMUSG00000005034 
30794476 NP_068680 43 kDa Prkar1a ENSMUSG00000020612 
22550094 NP_032950 46 kDa Prkar2a ENSMUSG00000032601 
6679465 NP_032951 59 kDa Prkcsh ENSMUSG00000003402 
118601004 NP_035302 68 kDa Prodh ENSMUSG00000003526 
254675296 NP_032961 96 kDa Prom1 ENSMUSG00000029086 
224994182 NP_620089 93 kDa Prom2 ENSMUSG00000027376 
16930823 NP_473398 30 kDa Prosc ENSMUSG00000031485 
13386146 NP_080938 35 kDa Prps2 ENSMUSG00000025742 
16716569 NP_444473 26 kDa Prss1 ENSMUSG00000062751 
11055972 NP_065233 36 kDa Prss21 ENSMUSG00000024116 
6678293 NP_033381 41 kDa Prss39 ENSMUSG00000026125 
23346626 NP_694812 36 kDa Prss45 ENSMUSG00000047257 
295444814 NP_898926 35 kDa Prss46 ENSMUSG00000049719 
117676359 NP_082801 36 kDa Prss52 ENSMUSG00000021966 
124486704 NP_001074532 36 kDa Prss55 ENSMUSG00000034623 
225735645 NP_035309 61 kDa Psap ENSMUSG00000004207 
309266230 XP_001478041 41 kDa Psat1 ENSMUSG00000024640 
6679493 NP_032969 53 kDa Psen1 ENSMUSG00000019969 
33563282 NP_036095 30 kDa Psma1 ENSMUSG00000030751 
261824000 NP_035314 28 kDa Psma3 ENSMUSG00000060073 
6755196 NP_036096 29 kDa Psma4 ENSMUSG00000032301 
7106387 NP_036097 26 kDa Psma5 ENSMUSG00000068749 
6755198 NP_036098 27 kDa Psma6 ENSMUSG00000021024 
7106389 NP_036099 28 kDa Psma7 ENSMUSG00000027566 
254692831 NP_001157081 28 kDa Psma8 ENSMUSG00000036743 
227116345 NP_036100 23 kDa Psmb2 ENSMUSG00000028837 
6755202 NP_036101 23 kDa Psmb3 ENSMUSG00000069744 
6755204 NP_035316 29 kDa Psmb5 ENSMUSG00000022193 
238231384 NP_032972 25 kDa Psmb6 ENSMUSG00000018286 
74315975 NP_081633 106 kDa Psmd1 ENSMUSG00000026229 
19882201 NP_598862 100 kDa Psmd2 ENSMUSG00000006998 
46049022 NP_079826 46 kDa Psmd6 ENSMUSG00000021737 
6754724 NP_034947 37 kDa Psmd7 ENSMUSG00000039067 
6755212 NP_035319 29 kDa Psme1 ENSMUSG00000022216 
20137004 NP_035320 27 kDa Psme2 ENSMUSG00000079197 
117956381 NP_598774 211 kDa Psme4 ENSMUSG00000040850 
9506555 NP_062410 33 kDa Psmg1 ENSMUSG00000022913 
19527372 NP_598899 30 kDa Psmg2 ENSMUSG00000024537 
58037131 NP_081149 44 kDa Ptcd2 ENSMUSG00000021650 
33469980 NP_081551 78 kDa Ptcd3 ENSMUSG00000063884 
11967941 NP_071860 17 kDa Ptges ENSMUSG00000050737 
260763900 NP_598544 43 kDa Ptges2 ENSMUSG00000026820 
149255313 XP_001480119 19 kDa Ptges3 ENSMUSG00000071072 
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6679537 NP_032995 69 kDa Ptgs1 ENSMUSG00000047250 
258613926 NP_001158217 19 kDa Ptp4a2 ENSMUSG00000028788 
84872191 NP_076076 28 kDa Ptplb ENSMUSG00000035376 
23956130 NP_079852 29 kDa Ptpmt1 ENSMUSG00000063235 
61098100 NP_062625 68 kDa Ptpn9 ENSMUSG00000032290 
149363634 NP_001092280 20 kDa Ptrh2 ENSMUSG00000072582 
112421058 NP_033019 22 kDa Pxmp2 ENSMUSG00000029499 
10946966 NP_067509 24 kDa Pxmp4 ENSMUSG00000000876 
19526878 NP_598466 34 kDa Pycr2 ENSMUSG00000026520 
125858598 NP_083287 63 kDa Pyroxd2 ENSMUSG00000060224 
21312520 NP_077198 26 kDa Qdpr ENSMUSG00000015806 
31560195 NP_080387 43 kDa Qpctl ENSMUSG00000030407 
23956334 NP_705787 71 kDa Qsox2 ENSMUSG00000036327 
6679587 NP_033022 23 kDa Rab1 ENSMUSG00000020149 
7710086 NP_057885 23 kDa Rab10 ENSMUSG00000020671 
6679583 NP_033023 24 kDa Rab11b ENSMUSG00000077450 
18390323 NP_080973 24 kDa Rab14 ENSMUSG00000026878 
30841008 NP_851415 23 kDa Rab18 ENSMUSG00000073639 
21313162 NP_083852 22 kDa Rab1b ENSMUSG00000024870 
148747177 NP_077756 22 kDa Rab22a ENSMUSG00000027519 
10946940 NP_067493 24 kDa Rab2a ENSMUSG00000047187 
261862303 NP_001159871 25 kDa Rab3a ENSMUSG00000031840 
255003810 NP_001157226 155 kDa Rab3gap2 ENSMUSG00000039318 
113866024 NP_077776 23 kDa Rab5c ENSMUSG00000019173 
254750706 NP_001157135 24 kDa Rab6a ENSMUSG00000030704 
148747526 NP_033031 23 kDa Rab7 ENSMUSG00000079477 
38372905 NP_075615 24 kDa Rab8a ENSMUSG00000003037 
45592934 NP_033033 21 kDa Rac1 ENSMUSG00000001847 
6679601 NP_033034 21 kDa Rac2 ENSMUSG00000033220 
34328471 NP_062364 24 kDa Rala ENSMUSG00000008859 
13249349 NP_075635 124 kDa Ranbp17 ENSMUSG00000040594 
10946640 NP_067304 20 kDa Rangrf ENSMUSG00000032892 
21704066 NP_663516 21 kDa Rap1a ENSMUSG00000068798 
240120047 NP_852071 65 kDa Rars2 ENSMUSG00000028292 
6677691 NP_033063 38 kDa Rcn1 ENSMUSG00000005973 
114205428 NP_036122 37 kDa Rcn2 ENSMUSG00000032320 
165377241 NP_536684 36 kDa Rdh1 ENSMUSG00000089789 
19482172 NP_067532 35 kDa Rdh11 ENSMUSG00000066441 
30425078 NP_780581 36 kDa Rdh13 ENSMUSG00000008435 
12963791 NP_076186 36 kDa Rdh14 ENSMUSG00000020621 
23680945 NP_694773 36 kDa Rdh9 ENSMUSG00000056148 
157277948 NP_033067 69 kDa Rdx ENSMUSG00000032050 
110625690 NP_075529 72 kDa Recql ENSMUSG00000030243 
13385882 NP_080671 23 kDa Rer1 ENSMUSG00000029048 
31542143 NP_058082 22 kDa Rhoa ENSMUSG00000007815 
9625037 NP_062512 21 kDa Rhog ENSMUSG00000073982 
254039727 NP_001156826 76 kDa Rhot1 ENSMUSG00000017686 
22122457 NP_666111 69 kDa Rhot2 ENSMUSG00000025733 
241666436 NP_080633 45 kDa Ribc2 ENSMUSG00000022431 
226423886 NP_079619 52 kDa Rmnd1 ENSMUSG00000019763 
59858541 NP_001011875 17 kDa Rnase12 ENSMUSG00000068407 
118200345 NP_898853 21 kDa Rnase9 ENSMUSG00000052382 
268370211 NP_001161290 33 kDa Rnls ENSMUSG00000071573 
13507710 NP_109669 24 kDa Ropn1 ENSMUSG00000022832 
94536844 NP_033101 32 kDa Rpia ENSMUSG00000053604 
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255003735 NP_035417 25 kDa Rpl10a ENSMUSG00000037805 
13385408 NP_080195 20 kDa Rpl11 ENSMUSG00000059291 
149251177 XP_001474740 24 kDa Rpl13 ENSMUSG00000000740 
13385472 NP_080250 24 kDa Rpl14 ENSMUSG00000025794 
13385036 NP_079862 24 kDa Rpl15 ENSMUSG00000012405 
161484662 NP_001002239 21 kDa Rpl17 ENSMUSG00000062328 
83699424 NP_033103 22 kDa Rpl18 ENSMUSG00000059070 
58037465 NP_084027 21 kDa Rpl18a ENSMUSG00000045128 
309265792 XP_003086606 15 kDa Rpl22 ENSMUSG00000028936 
12584986 NP_075029 15 kDa Rpl23 ENSMUSG00000071415 
255308899 NP_038790 46 kDa Rpl3 ENSMUSG00000060036 
254553337 NP_001156957 13 kDa Rpl30 ENSMUSG00000058600 
25742730 NP_742083 16 kDa Rpl32 ENSMUSG00000057841 
6677785 NP_033110 10 kDa Rpl37a ENSMUSG00000046330 
114205440 NP_001041523 8 kDa Rpl38 ENSMUSG00000057322 
30794450 NP_077174 47 kDa Rpl4 ENSMUSG00000032399 
23956082 NP_058676 34 kDa Rpl5 ENSMUSG00000058558 
31981515 NP_035421 31 kDa Rpl7 ENSMUSG00000043716 
7305443 NP_038749 30 kDa Rpl7a ENSMUSG00000062647 
6755358 NP_036183 28 kDa Rpl8 ENSMUSG00000003970 
14149647 NP_035422 22 kDa Rpl9-ps4 ENSMUSG00000071269 
9256519 NP_061341 11 kDa Rplp1 ENSMUSG00000007892 
83745120 NP_080296 12 kDa Rplp2 ENSMUSG00000025508 
282398108 NP_598694 69 kDa Rpn1 ENSMUSG00000030062 
34996495 NP_062616 69 kDa Rpn2 ENSMUSG00000027642 
13399310 NP_080239 19 kDa Rps10 ENSMUSG00000052146 
13386034 NP_080809 17 kDa Rps13 ENSMUSG00000090862 
31981100 NP_065625 16 kDa Rps14 ENSMUSG00000024608 
158966704 NP_038675 16 kDa Rps16 ENSMUSG00000037563 
12963511 NP_075622 16 kDa Rps19 ENSMUSG00000040952 
18087805 NP_032529 31 kDa Rps2 ENSMUSG00000044533 
149267855 XP_001000635 15 kDa Rps24 ENSMUSG00000025290 
255003793 NP_038793 13 kDa Rps26 ENSMUSG00000025362 
26024336 NP_081291 9 kDa Rps27 ENSMUSG00000090733 
13195690 NP_077239 18 kDa Rps27a ENSMUSG00000020460 
6755372 NP_036182 27 kDa Rps3 ENSMUSG00000030744 
6677805 NP_033120 30 kDa Rps4x ENSMUSG00000031320 
6755376 NP_035430 22 kDa Rps7 ENSMUSG00000061477 
149257598 XP_001474155 24 kDa Rps8 ENSMUSG00000047675 
224994260 NP_035159 33 kDa Rpsa ENSMUSG00000032518 
124486712 NP_077243 158 kDa Rrbp1 ENSMUSG00000027422 
13384638 NP_079566 34 kDa Rsph1 ENSMUSG00000024033 
153791341 NP_001077414 45 kDa Rsph3b ENSMUSG00000023806 
227908775 NP_112545 80 kDa Rsph6a ENSMUSG00000040866 
21312974 NP_083614 31 kDa Rsph9 ENSMUSG00000023966 
254675102 NP_001157005 42 kDa Rtdr1 ENSMUSG00000009070 
34610233 NP_918941 38 kDa Rtn4 ENSMUSG00000020458 
31543608 NP_570962 43 kDa Rtn4ip1 ENSMUSG00000019864 
13507622 NP_109617 67 kDa Sacm1l ENSMUSG00000025240 
30519943 NP_848729 52 kDa Samm50 ENSMUSG00000022437 
21703344 NP_033146 22 kDa Sar1a ENSMUSG00000020088 
20149748 NP_619606 102 kDa Sardh ENSMUSG00000009614 
228008415 NP_076126 58 kDa Sars2 ENSMUSG00000070699 
23956138 NP_075737 29 kDa Sbds ENSMUSG00000025337 
58037395 NP_083429 38 kDa Scamp1 ENSMUSG00000021687 
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12331398 NP_073724 36 kDa Scamp2 ENSMUSG00000040188 
6680878 NP_031670 54 kDa Scarb2 ENSMUSG00000029426 
30520019 NP_848768 47 kDa Sccpdh ENSMUSG00000038936 
90991710 NP_001035115 32 kDa Sco1 ENSMUSG00000069844 
45476581 NP_035457 59 kDa Scp2 ENSMUSG00000028603 
6755446 NP_035471 42 kDa Sdf4 ENSMUSG00000029076 
54607098 NP_075770 73 kDa Sdha ENSMUSG00000021577 
34328286 NP_075863 32 kDa Sdhb ENSMUSG00000009863 
228008307 NP_079597 18 kDa Sdhc ENSMUSG00000058076 
131889222 NP_001076444 31 kDa Sdr39u1 ENSMUSG00000022223 
9910550 NP_064335 21 kDa Sec11a ENSMUSG00000025724 
21313554 NP_079744 22 kDa Sec11c ENSMUSG00000024516 
27819645 NP_598465 35 kDa Sec22a ENSMUSG00000034473 
6755448 NP_035472 25 kDa Sec22b ENSMUSG00000027879 
67906177 NP_033173 86 kDa Sec23a ENSMUSG00000020986 
254692911 NP_001025153 111 kDa Sec23ip ENSMUSG00000055319 
269954698 NP_766184 119 kDa Sec24c ENSMUSG00000039367 
244791271 NP_081245 134 kDa Sec31a ENSMUSG00000035325 
8394252 NP_058602 52 kDa Sec61a1 ENSMUSG00000030082 
158937300 NP_694695 88 kDa Sec63 ENSMUSG00000019802 
46309573 NP_035474 82 kDa Sel1l ENSMUSG00000020964 
16716395 NP_444332 18 kDa Sep15 ENSMUSG00000037072 
6755120 NP_035259 55 kDa Sep4 ENSMUSG00000020486 
21312734 NP_081945 36 kDa Sept12 ENSMUSG00000022542 
28173550 NP_033989 51 kDa Sept7 ENSMUSG00000001833 
13443008 NP_075964 35 kDa Serhl ENSMUSG00000058586 
6678079 NP_033269 46 kDa Serpina1a ENSMUSG00000066366 
259906395 NP_080963 46 kDa Serpina1f ENSMUSG00000021081 
15147224 NP_081600 36 kDa Sfxn1 ENSMUSG00000021474 
86439984 NP_444426 36 kDa Sfxn2 ENSMUSG00000025036 
16716499 NP_444427 35 kDa Sfxn3 ENSMUSG00000025212 
21312298 NP_082506 56 kDa Shmt2 ENSMUSG00000025403 
226958332 NP_035556 184 kDa Siglec1 ENSMUSG00000027322 
257196264 NP_109674 52 kDa Sil1 ENSMUSG00000024357 
30578432 NP_849179 34 kDa Sirt5 ENSMUSG00000054021 
281371456 NP_113583 96 kDa Slc12a9 ENSMUSG00000037344 
6677995 NP_033222 53 kDa Slc16a1 ENSMUSG00000032902 
6755536 NP_035521 53 kDa Slc16a7 ENSMUSG00000020102 
23943838 NP_694790 34 kDa Slc25a1 ENSMUSG00000003528 
254826790 NP_038798 32 kDa Slc25a10 ENSMUSG00000025792 
21312994 NP_077173 34 kDa Slc25a11 ENSMUSG00000014606 
27369581 NP_766024 75 kDa Slc25a12 ENSMUSG00000027010 
294832028 NP_001171043 74 kDa Slc25a13 ENSMUSG00000015112 
31044465 NP_851842 33 kDa Slc25a15 ENSMUSG00000031482 
30424808 NP_780403 36 kDa Slc25a16 ENSMUSG00000071253 
29789024 NP_035529 34 kDa Slc25a17 ENSMUSG00000022404 
10048462 NP_065266 33 kDa Slc25a20 ENSMUSG00000032602 
269784687 NP_766165 33 kDa Slc25a21 ENSMUSG00000035472 
21311845 NP_080922 35 kDa Slc25a22 ENSMUSG00000019082 
31044469 NP_851845 33 kDa Slc25a29 ENSMUSG00000021265 
149258501 XP_001475977 40 kDa Slc25a3 ENSMUSG00000061904 
13385736 NP_080508 32 kDa Slc25a30 ENSMUSG00000022003 
254692892 NP_848473 35 kDa Slc25a31 ENSMUSG00000069041 
168480117 NP_765990 35 kDa Slc25a32 ENSMUSG00000022299 
117647275 NP_081736 35 kDa Slc25a33 ENSMUSG00000028982 
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21312550 NP_082324 33 kDa Slc25a35 ENSMUSG00000018740 
148747424 NP_031476 33 kDa Slc25a4 ENSMUSG00000031633 
158749545 NP_848881 38 kDa Slc25a40 ENSMUSG00000054099 
56090652 NP_001007571 35 kDa Slc25a42 ENSMUSG00000002346 
225007568 NP_848811 37 kDa Slc25a44 ENSMUSG00000050144 
22094075 NP_031477 33 kDa Slc25a5 ENSMUSG00000016319 
113374154 NP_036108 70 kDa Slc27a2 ENSMUSG00000027359 
45597453 NP_036119 72 kDa Slc27a4 ENSMUSG00000059316 
12963743 NP_076085 52 kDa Slc29a3 ENSMUSG00000020100 
261862282 NP_035531 53 kDa Slc2a3 ENSMUSG00000003153 
31543728 NP_062715 55 kDa Slc2a5 ENSMUSG00000028976 
12963579 NP_075703 42 kDa Slc30a7 ENSMUSG00000054414 
110625963 NP_082938 42 kDa Slc35b2 ENSMUSG00000037089 
160333206 NP_082336 42 kDa Slc35f2 ENSMUSG00000042195 
258645133 NP_001158270 117 kDa Slc38a10 ENSMUSG00000061306 
118150668 NP_001071177 51 kDa Slc39a7 ENSMUSG00000024327 
238637277 NP_001154885 62 kDa Slc3a2 ENSMUSG00000010095 
6755560 NP_035533 103 kDa Slc4a1 ENSMUSG00000006574 
258679445 NP_081448 50 kDa Slc52a3 ENSMUSG00000027463 
15011842 NP_032600 21 kDa Smcp ENSMUSG00000074435 
6678031 NP_033239 47 kDa Smpd2 ENSMUSG00000019822 
19923056 NP_598615 15 kDa Snapin ENSMUSG00000001018 
77404392 NP_062750 102 kDa Snd1 ENSMUSG00000001424 
71043944 NP_062701 59 kDa Snx1 ENSMUSG00000032382 
45597447 NP_035564 16 kDa Sod1 ENSMUSG00000022982 
31980762 NP_038699 25 kDa Sod2 ENSMUSG00000006818 
22128627 NP_666238 38 kDa Sord ENSMUSG00000027227 
34610211 NP_064356 91 kDa Sort1 ENSMUSG00000068747 
21312846 NP_080569 33 kDa Spaca1 ENSMUSG00000028264 
110626054 NP_083643 18 kDa Spaca3 ENSMUSG00000053184 
145966885 NP_001078862 18 kDa Spaca5 ENSMUSG00000037167 
7657607 NP_056588 55 kDa Spag6 ENSMUSG00000022783 
120407035 NP_001073344 58 kDa Spam1 ENSMUSG00000029682 
226442916 NP_848474 60 kDa Spata18 ENSMUSG00000029155 
19526759 NP_083575 18 kDa Spata19 ENSMUSG00000031991 
46485467 NP_659076 88 kDa Spata20 ENSMUSG00000020867 
110347525 NP_080746 56 kDa Spata6 ENSMUSG00000034401 
58037363 NP_083128 51 kDa Spatc1 ENSMUSG00000049653 
13385134 NP_079944 25 kDa Spcs2 ENSMUSG00000035227 
13385180 NP_079997 45 kDa Spesp1 ENSMUSG00000046846 
226958532 NP_663506 274 kDa Spg11 ENSMUSG00000033396 
148539988 NP_694816 86 kDa Spg7 ENSMUSG00000000738 
114145596 NP_898959 12 kDa Spink8 ENSMUSG00000050074 
19263328 NP_083601 15 kDa Spinlw1 ENSMUSG00000017733 
127139427 NP_001076017 22 kDa Spint2 ENSMUSG00000074227 
33942057 NP_084334 18 kDa Spint4 ENSMUSG00000017310 
19526481 NP_035595 280 kDa Spna1 ENSMUSG00000026532 
115496850 NP_001070022 285 kDa Spna2 ENSMUSG00000057738 
84490394 NP_038703 268 kDa Spnb1 ENSMUSG00000021061 
117938332 NP_787030 274 kDa Spnb2 ENSMUSG00000020315 
55926127 NP_067262 271 kDa Spnb3 ENSMUSG00000067889 
58037095 NP_079992 23 kDa Spryd4 ENSMUSG00000051346 
244790045 NP_067482 50 kDa Sqrdl ENSMUSG00000005803 
16716485 NP_444418 29 kDa Srd5a2 ENSMUSG00000038541 
6678137 NP_033301 30 kDa Srprb ENSMUSG00000032553 
284 
47059026 NP_997633 17 kDa Ssbp1 ENSMUSG00000029911 
165377206 NP_080241 32 kDa Ssr1 ENSMUSG00000021427 
262050625 NP_001159952 19 kDa Ssr4 ENSMUSG00000002014 
22122355 NP_666045 47 kDa St6gal1 ENSMUSG00000022885 
21312812 NP_083295 26 kDa Stard6 ENSMUSG00000079608 
7710018 NP_038543 31 kDa Stom ENSMUSG00000026880 
12963591 NP_075720 38 kDa Stoml2 ENSMUSG00000028455 
148747128 NP_032434 81 kDa Stt3a ENSMUSG00000032116 
61651673 NP_077184 93 kDa Stt3b ENSMUSG00000032437 
19527102 NP_598648 31 kDa Stx12 ENSMUSG00000028879 
84579893 NP_080619 33 kDa Stx17 ENSMUSG00000061455 
268370181 NP_062803 40 kDa Stx5a ENSMUSG00000010110 
31560462 NP_058077 30 kDa Stx7 ENSMUSG00000019998 
9055356 NP_061238 27 kDa Stx8 ENSMUSG00000020903 
15805022 NP_083935 21 kDa Styxl1 ENSMUSG00000019178 
46849708 NP_035636 50 kDa Sucla2 ENSMUSG00000022110 
255958286 NP_063932 36 kDa Suclg1 ENSMUSG00000052738 
165972309 NP_035637 47 kDa Suclg2 ENSMUSG00000061838 
74024924 NP_776094 61 kDa Suox ENSMUSG00000049858 
31088872 NP_852088 87 kDa Supv3l1 ENSMUSG00000020079 
160707899 NP_038705 35 kDa Surf1 ENSMUSG00000015790 
6755698 NP_035642 30 kDa Surf4 ENSMUSG00000014867 
145699091 NP_001005510 783 kDa Syne2 ENSMUSG00000063450 
13384642 NP_079568 16 kDa Synj2bp ENSMUSG00000090935 
226958374 NP_038663 29 kDa Sypl ENSMUSG00000020570 
39930435 NP_081622 32 kDa Taco1 ENSMUSG00000001983 
254692865 NP_082207 82 kDa Tars2 ENSMUSG00000028107 
227496381 NP_001153112 44 kDa Tasp1 ENSMUSG00000039033 
291190859 NP_001167018 30 kDa Taz ENSMUSG00000009995 
31543845 NP_038791 50 kDa Tbl2 ENSMUSG00000005374 
149261777 XP_001475770 61 kDa Tbrg4 ENSMUSG00000000384 
13385800 NP_080581 13 kDa Tceb2 ENSMUSG00000055839 
110625624 NP_038714 60 kDa Tcp1 ENSMUSG00000068039 
130497908 NP_033367 49 kDa Tcp10b ENSMUSG00000055602 
19923070 NP_598879 36 kDa Tecr ENSMUSG00000031708 
117956379 NP_035699 49 kDa Tekt1 ENSMUSG00000020799 
148225693 NP_036032 50 kDa Tekt2 ENSMUSG00000028845 
62078759 NP_081936 57 kDa Tekt3 ENSMUSG00000042189 
110625871 NP_082227 52 kDa Tekt4 ENSMUSG00000024175 
149944431 NP_001092745 48 kDa Tekt5 ENSMUSG00000039179 
9910582 NP_064365 27 kDa Tex101 ENSMUSG00000062773 
6678303 NP_033386 28 kDa Tfam ENSMUSG00000003923 
22122569 NP_666186 39 kDa Tfb1m ENSMUSG00000036983 
239787887 NP_064368 90 kDa Tgm1 ENSMUSG00000022218 
213512208 NP_082195 43 kDa Tha1 ENSMUSG00000017713 
33859638 NP_035713 43 kDa Theg ENSMUSG00000020317 
110626050 NP_083707 26 kDa Them4 ENSMUSG00000028145 
29243946 NP_808256 83 kDa Thnsl1 ENSMUSG00000048550 
33468937 NP_035721 18 kDa Timm17b ENSMUSG00000031158 
31543865 NP_062792 20 kDa Timm22 ENSMUSG00000020843 
254675168 NP_058593 22 kDa Timm23 ENSMUSG00000013701 
170763467 NP_035722 51 kDa Timm44 ENSMUSG00000002949 
22094989 NP_079892 40 kDa Timm50 ENSMUSG00000003438 
7305577 NP_038926 11 kDa Timm8a1 ENSMUSG00000048007 
67846099 NP_001020025 10 kDa Timm9 ENSMUSG00000021079 
285 
6678359 NP_033414 68 kDa Tkt ENSMUSG00000021957 
227116327 NP_035732 270 kDa Tln1 ENSMUSG00000028465 
117414164 NP_082730 47 kDa Tm7sf2 ENSMUSG00000024799 
188528894 NP_542123 75 kDa Tm9sf2 ENSMUSG00000025544 
19111162 NP_579930 68 kDa Tm9sf3 ENSMUSG00000025016 
31542095 NP_598608 75 kDa Tm9sf4 ENSMUSG00000068040 
124486795 NP_001074781 21 kDa Tmco2 ENSMUSG00000078577 
85362703 NP_034874 25 kDa Tmed1 ENSMUSG00000032180 
21312062 NP_081051 25 kDa Tmed10 ENSMUSG00000021248 
281427153 NP_079636 25 kDa Tmed3 ENSMUSG00000032353 
255003819 NP_079974 25 kDa Tmed7 ENSMUSG00000033184 
145966911 NP_080487 27 kDa Tmed9 ENSMUSG00000058569 
19527378 NP_598903 26 kDa Tmem109 ENSMUSG00000034659 
27734998 NP_775655 21 kDa Tmem11 ENSMUSG00000043284 
28827824 NP_780310 30 kDa Tmem111 ENSMUSG00000030286 
13384870 NP_079736 22 kDa Tmem126a ENSMUSG00000030615 
13384766 NP_079663 12 kDa Tmem14c ENSMUSG00000021361 
111154067 NP_035756 35 kDa Tmem165 ENSMUSG00000029234 
27228988 NP_079984 25 kDa Tmem186 ENSMUSG00000043140 
254675164 NP_084304 18 kDa Tmem190 ENSMUSG00000013091 
254939603 NP_001157219 25 kDa Tmem192 ENSMUSG00000025521 
21311891 NP_083042 45 kDa Tmem43 ENSMUSG00000030095 
21312110 NP_081113 32 kDa Tmem53 ENSMUSG00000048772 
70778812 NP_780421 25 kDa Tmem65 ENSMUSG00000062373 
158631230 NP_080708 39 kDa Tmem66 ENSMUSG00000031532 
13386014 NP_080795 20 kDa Tmem85 ENSMUSG00000027131 
13384684 NP_079594 12 kDa Tmem93 ENSMUSG00000047260 
20270297 NP_620097 50 kDa Tmlhe ENSMUSG00000079834 
33859722 NP_082615 31 kDa Tmx1 ENSMUSG00000021072 
117606385 NP_938037 52 kDa Tmx3 ENSMUSG00000024614 
13324686 NP_077176 16 kDa Tomm20 ENSMUSG00000058779 
31982091 NP_766197 16 kDa Tomm22 ENSMUSG00000022427 
13385500 NP_080272 34 kDa Tomm34 ENSMUSG00000018322 
157909797 NP_058567 38 kDa Tomm40 ENSMUSG00000002984 
27552760 NP_613065 68 kDa Tomm70a ENSMUSG00000022752 
229608944 NP_659040 58 kDa Tor1aip1 ENSMUSG00000026466 
226958349 NP_033441 32 kDa Tpi1 ENSMUSG00000023456 
40254525 NP_071709 33 kDa Tpm3 ENSMUSG00000027940 
253795504 NP_058065 28 kDa Tpmt ENSMUSG00000021376 
6753448 NP_034036 61 kDa Tpp1 ENSMUSG00000030894 
6678419 NP_033444 140 kDa Tpp2 ENSMUSG00000041763 
130496076 NP_034911 31 kDa Tpsb2 ENSMUSG00000033825 
117606383 NP_080761 42 kDa Trabd ENSMUSG00000015363 
30794386 NP_082449 43 kDa Tram1 ENSMUSG00000025935 
13385998 NP_080784 80 kDa Trap1 ENSMUSG00000005981 
66730565 NP_001019377 17 kDa Trappc1 ENSMUSG00000049299 
10946914 NP_067477 16 kDa Trappc2l ENSMUSG00000015013 
7304929 NP_038746 20 kDa Trappc3 ENSMUSG00000028847 
291621688 NP_796012 161 kDa Trappc8 ENSMUSG00000033382 
20330802 NP_598738 77 kDa Trf ENSMUSG00000032554 
21312518 NP_082339 47 kDa Trmu ENSMUSG00000022386 
84781771 NP_001034085 26 kDa Try10 ENSMUSG00000071521 
21313468 NP_079813 35 kDa Tsfm ENSMUSG00000040521 
46402207 NP_997111 81 kDa Tsga10 ENSMUSG00000060771 
112734851 NP_033461 42 kDa Tssk1 ENSMUSG00000041566 
286 
14030781 NP_114393 30 kDa Tssk6 ENSMUSG00000047654 
13654268 NP_112478 36 kDa Tsta3 ENSMUSG00000022570 
225543311 NP_083011 149 kDa Ttc21a ENSMUSG00000032514 
124358957 NP_083194 72 kDa Ttc25 ENSMUSG00000006784 
268839833 NP_898919 54 kDa Ttc29 ENSMUSG00000037101 
13385196 NP_080012 35 kDa Ttc35 ENSMUSG00000022337 
6755901 NP_035783 50 kDa Tuba1a ENSMUSG00000072235 
6678465 NP_033472 50 kDa Tuba3a ENSMUSG00000067702 
31981939 NP_033477 50 kDa Tubb4a ENSMUSG00000062591 
22165384 NP_666228 50 kDa Tubb4b ENSMUSG00000036752 
7106439 NP_035785 50 kDa Tubb5 ENSMUSG00000001525 
27370092 NP_766333 50 kDa Tufm ENSMUSG00000073838 
6755911 NP_035790 12 kDa Txn1 ENSMUSG00000028367 
13384700 NP_079610 19 kDa Txndc12 ENSMUSG00000028567 
27501462 NP_766185 92 kDa Txndc16 ENSMUSG00000021830 
167000069 NP_853622 67 kDa Txndc3 ENSMUSG00000041138 
83921612 NP_663342 46 kDa Txndc5 ENSMUSG00000038991 
27229039 NP_080408 17 kDa Txndc8 ENSMUSG00000038709 
102468565 NP_038739 57 kDa Txnrd2 ENSMUSG00000075704 
209862989 NP_001129557 118 kDa Uba1 ENSMUSG00000001924 
18017605 NP_542127 17 kDa Ube2n ENSMUSG00000074781 
237820660 NP_001153791 572 kDa Ubr4 ENSMUSG00000066036 
236466498 NP_942602 176 kDa Uggt1 ENSMUSG00000037470 
170784811 NP_109605 123 kDa Upf1 ENSMUSG00000058301 
13385726 NP_080495 14 kDa Uqcrb ENSMUSG00000021520 
46593021 NP_079683 53 kDa Uqcrc1 ENSMUSG00000025651 
22267442 NP_080175 48 kDa Uqcrc2 ENSMUSG00000030884 
13385168 NP_079986 29 kDa Uqcrfs1 ENSMUSG00000038462 
21539585 NP_079628 10 kDa Uqcrq ENSMUSG00000044894 
309265053 XP_003086413 6 kDa Usmg5 ENSMUSG00000071528 
115511018 NP_033507 290 kDa Usp9x ENSMUSG00000031010 
6678553 NP_033524 11 kDa Vamp3 ENSMUSG00000028955 
31980629 NP_058074 11 kDa Vamp8 ENSMUSG00000050732 
94721328 NP_038961 28 kDa Vapa ENSMUSG00000024091 
31543940 NP_062780 27 kDa Vapb ENSMUSG00000054455 
255069795 NP_035820 140 kDa Vars ENSMUSG00000007029 
160333671 NP_780346 118 kDa Vars2 ENSMUSG00000038838 
33859662 NP_036167 43 kDa Vat1 ENSMUSG00000034993 
31543942 NP_033528 117 kDa Vcl ENSMUSG00000021823 
225543319 NP_033529 89 kDa Vcp ENSMUSG00000028452 
6755963 NP_035824 31 kDa Vdac1 ENSMUSG00000020402 
6755965 NP_035825 32 kDa Vdac2 ENSMUSG00000021771 
6755967 NP_035826 31 kDa Vdac3 ENSMUSG00000008892 
124486867 NP_001074825 11 kDa Vma21 ENSMUSG00000073131 
66392160 NP_766616 359 kDa Vps13a ENSMUSG00000046230 
194394221 NP_796125 444 kDa Vps13b ENSMUSG00000037646 
122114537 NP_796158 420 kDa Vps13c ENSMUSG00000035284 
189491889 NP_001121670 487 kDa Vps13d ENSMUSG00000020220 
13928670 NP_075373 92 kDa Vps35 ENSMUSG00000031696 
31980617 NP_058080 27 kDa Vti1b ENSMUSG00000021124 
256818746 NP_001157960 54 kDa Wars ENSMUSG00000021266 
31543952 NP_081738 40 kDa Wars2 ENSMUSG00000004233 
15809010 NP_291050 50 kDa Wbscr16 ENSMUSG00000061979 
6755995 NP_035845 66 kDa Wdr1 ENSMUSG00000005103 
134053952 NP_082239 68 kDa Wdr16 ENSMUSG00000020904 
287 
58037455 NP_083963 33 kDa Wdr38 ENSMUSG00000035295 
260064069 NP_081065 145 kDa Wdr65 ENSMUSG00000028730 
87196519 NP_001034590 14 kDa Wfdc10 ENSMUSG00000070529 
113930767 NP_001039019 9 kDa Wfdc15b ENSMUSG00000018211 
157951602 NP_001012741 13 kDa Wfdc16 ENSMUSG00000070530 
237649068 NP_001012743 17 kDa Wfdc6b ENSMUSG00000070531 
46409250 NP_997184 20 kDa Wrb ENSMUSG00000023147 
28893421 NP_796284 43 kDa Xpnpep3 ENSMUSG00000022401 
227116360 NP_001153031 27 kDa Xrcc6bp1 ENSMUSG00000025436 
165932343 NP_665827 97 kDa Xylt2 ENSMUSG00000020868 
39930579 NP_937889 53 kDa Yars2 ENSMUSG00000022792 
7305635 NP_038799 80 kDa Yme1l1 ENSMUSG00000026775 
31543974 NP_061223 28 kDa Ywhab ENSMUSG00000018326 
226874906 NP_033562 29 kDa Ywhae ENSMUSG00000020849 
309262630 XP_003085850 28 kDa Ywhaw ENSMUSG00000076432 
6756041 NP_035870 28 kDa Ywhaz ENSMUSG00000022285 
256665241 NP_035871 585 kDa Zan ENSMUSG00000079173 
157823829 NP_033575 53 kDa Zfp185 ENSMUSG00000031351 
13195658 NP_077193 34 kDa Zfpl1 ENSMUSG00000024792 
27370012 NP_766288 55 kDa Zmpste24 ENSMUSG00000043207 
297747362 NP_001172082 39 kDa Zpbp ENSMUSG00000020193 
 
 
CAUDA SPERM PROTEOME 
GI REFSEQ MW GENE NAME ENSEMBL GENE ID 
21312030 NP_081014 21 kDa 1110007C09Rik ENSMUSG00000037960 
114520613 NP_001041470 30 kDa 1110017D15Rik ENSMUSG00000028441 
146134519 NP_001035485 48 kDa 1110020G09Rik ENSMUSG00000022253 
226958579 NP_082182 213 kDa 1300010F03Rik ENSMUSG00000058997 
76559944 NP_081170 38 kDa 1500001M20Rik ENSMUSG00000030316 
21729773 NP_083561 23 kDa 1700001C02Rik ENSMUSG00000029182 
118130874 NP_082432 18 kDa 1700001P01Rik ENSMUSG00000018543 
284172505 NP_001165111 38 kDa 1700007I08Rik ENSMUSG00000078129 
124486893 NP_001074744 21 kDa 1700009P17Rik ENSMUSG00000026649 
254675147 NP_083574 28 kDa 1700011E24Rik ENSMUSG00000036557 
58037359 NP_083101 21 kDa 1700011F03Rik ENSMUSG00000051896 
21313178 NP_083863 15 kDa 1700012A03Rik ENSMUSG00000029766 
242397497 NP_081332 23 kDa 1700012P22Rik ENSMUSG00000028589 
113374150 NP_081353 17 kDa 1700016C15Rik ENSMUSG00000015962 
294460010 NP_001170908 113 kDa 1700016M24Rik ENSMUSG00000022603 
251823732 NP_083874 56 kDa 1700019B03Rik ENSMUSG00000040340 
13385716 NP_080484 27 kDa 1700019N19Rik ENSMUSG00000026931 
254553418 NP_082242 57 kDa 1700019O17Rik  
58037271 NP_082246 52 kDa 1700023E05Rik ENSMUSG00000029248 
254588081 NP_081340 14 kDa 1700024P04Rik ENSMUSG00000045022 
268370161 NP_083611 34 kDa 1700026D08Rik ENSMUSG00000011154 
58037189 NP_081559 19 kDa 1700026L06Rik ENSMUSG00000026809 
13385700 NP_080464 27 kDa 1700028P14Rik ENSMUSG00000033053 
225903452 NP_079779 17 kDa 1700029P11Rik ENSMUSG00000061633 
21313128 NP_080245 28 kDa 1700034H14Rik ENSMUSG00000024645 
13386312 NP_082770 20 kDa 1700034l23Rik ENSMUSG00000074619 
50979268 NP_080375 16 kDa 1700065I17Rik ENSMUSG00000032900 
241982800 NP_083127 32 kDa 1700080O16Rik ENSMUSG00000031118 
262359961 NP_001160177 32 kDa 1700101E01Rik ENSMUSG00000079502 
288 
147906142 NP_083956 43 kDa 1700110M21Rik ENSMUSG00000042888 
116008181 NP_001070149 9 kDa 1810012P15Rik ENSMUSG00000072640 
110625730 NP_081258 12 kDa 1810027O10Rik ENSMUSG00000070394 
21312554 NP_081636 7 kDa 2010107E04Rik ENSMUSG00000021290 
258679542 NP_079897 29 kDa 2310050C09Rik ENSMUSG00000090314 
23346595 NP_694792 13 kDa 2410015M20Rik ENSMUSG00000049760 
13385560 NP_080339 16 kDa 2900010M23Rik ENSMUSG00000024208 
124301188 NP_796253 15 kDa 4732415M23Rik ENSMUSG00000048478 
269914154 NP_808385 58 kDa 4732456N10Rik ENSMUSG00000048699 
21389313 NP_081840 68 kDa 4921507P07Rik ENSMUSG00000029828 
13385842 NP_080614 131 kDa 4921517D21Rik ENSMUSG00000066368 
254675160 NP_084135 62 kDa 4921530D09Rik ENSMUSG00000026940 
160333434 NP_001034646 120 kDa 4922505G16Rik ENSMUSG00000074627 
157951639 NP_001014836 24 kDa 4930404N11Rik ENSMUSG00000020234 
30425280 NP_780726 54 kDa 4930412F15Rik ENSMUSG00000043633 
268370283 NP_082945 17 kDa 4930415F15Rik ENSMUSG00000020191 
20903411 XP_128114 16 kDa 4930415O20Rik ENSMUSG00000022993 
198278549 NP_083330 53 kDa 4930443G12Rik ENSMUSG00000027880 
225543444 NP_077235 32 kDa 4930455C21Rik ENSMUSG00000002846 
309264200 XP_003086211 22 kDa 4930469G21Rik  
94388538 XP_994223 314 kDa 4930485B16Rik ENSMUSG00000020014 
254826802 NP_080566 39 kDa 4930511I11Rik ENSMUSG00000024223 
21312856 NP_080567 26 kDa 4930522H14Rik ENSMUSG00000060491 
240120058 NP_001155245 22 kDa 4930544G11Rik ENSMUSG00000036463 
13385796 NP_080576 19 kDa 4930549C01Rik ENSMUSG00000036921 
59709445 NP_081365 38 kDa 4930579C15Rik ENSMUSG00000028575 
282721066 NP_808344 96 kDa 4931409K22Rik ENSMUSG00000038199 
140970505 NP_808379 137 kDa 4932411G14Rik ENSMUSG00000043986 
161086957 NP_766467 97 kDa 4932412H11Rik ENSMUSG00000040367 
309262242 XP_003085774 194 kDa 4932415D10Rik ENSMUSG00000044581 
253795511 NP_001077359 95 kDa 4932441B19Rik ENSMUSG00000074849 
29244338 NP_808469 37 kDa 4933400C05Rik ENSMUSG00000044787 
24418876 NP_722489 32 kDa 4933403F05Rik ENSMUSG00000038121 
27370380 NP_766489 44 kDa 4933405O20Rik  
21312800 NP_080638 17 kDa 5033414D02Rik ENSMUSG00000016495 
27229101 NP_081740 24 kDa 5730469M10Rik ENSMUSG00000021792 
263350066 NP_001094912 11 kDa 9230113P08Rik ENSMUSG00000078934 
145587094 NP_001074650 33 kDa 9430016H08Rik ENSMUSG00000025971 
30424663 NP_776146 38 kDa A230051G13Rik ENSMUSG00000049287 
51921341 NP_001004174 10 kDa AA467197 ENSMUSG00000033213 
209417402 NP_084237 137 kDa Abcb5 ENSMUSG00000072791 
27753995 NP_083296 78 kDa Abcb8 ENSMUSG00000028973 
60218877 NP_033017 75 kDa Abcd3 ENSMUSG00000028127 
269784760 NP_766099 33 kDa Abhd10 ENSMUSG00000033157 
21644577 NP_660250 34 kDa Abhd11 ENSMUSG00000040532 
159110817 NP_077785 45 kDa Abhd12 ENSMUSG00000032046 
34147236 NP_899004 53 kDa Abhd16b ENSMUSG00000055882 
149273202 XP_001476757 36 kDa AC147142 ENSMUSG00000078142 
18700004 NP_570934 44 kDa Acaa1a ENSMUSG00000036138 
29126205 NP_803421 42 kDa Acaa2 ENSMUSG00000036880 
156255157 NP_082313 119 kDa Acad10 ENSMUSG00000029456 
74271799 NP_780533 87 kDa Acad11 ENSMUSG00000090150 
257467675 NP_848914 61 kDa Acad12 ENSMUSG00000042647 
118403322 NP_080138 45 kDa Acad8 ENSMUSG00000031969 
100817933 NP_766266 69 kDa Acad9 ENSMUSG00000027710 
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31982520 NP_031407 48 kDa Acadl ENSMUSG00000026003 
6680618 NP_031408 46 kDa Acadm ENSMUSG00000062908 
31982522 NP_031409 45 kDa Acads ENSMUSG00000029545 
17647119 NP_080102 48 kDa Acadsb ENSMUSG00000030861 
23956084 NP_059062 71 kDa Acadvl ENSMUSG00000018574 
21450129 NP_659033 45 kDa Acat1 ENSMUSG00000032047 
229608928 NP_573488 60 kDa Acbd3 ENSMUSG00000026499 
46559389 NP_997507 151 kDa Ace ENSMUSG00000020681 
29293809 NP_598798 120 kDa Acly ENSMUSG00000020917 
18079339 NP_542364 85 kDa Aco2 ENSMUSG00000022477 
13385260 NP_080066 15 kDa Acot13 ENSMUSG00000006717 
238624114 NP_598949 50 kDa Acot2 ENSMUSG00000021226 
31980998 NP_062710 51 kDa Acot9 ENSMUSG00000025287 
66793429 NP_056544 75 kDa Acox1 ENSMUSG00000020777 
34328334 NP_109646 78 kDa Acox3 ENSMUSG00000029098 
31542070 NP_067305 18 kDa Acp1 ENSMUSG00000044573 
7304853 NP_038483 49 kDa Acr ENSMUSG00000022622 
84993736 NP_001034203 74 kDa Acsbg2 ENSMUSG00000024207 
31560705 NP_032007 78 kDa Acsl1 ENSMUSG00000018796 
46518528 NP_997508 79 kDa Acsl4 ENSMUSG00000031278 
75992911 NP_659072 81 kDa Acsl6 ENSMUSG00000020333 
6671509 NP_031419 42 kDa Actb ENSMUSG00000029580 
14192922 NP_033738 42 kDa Actc1 ENSMUSG00000068614 
6752956 NP_033741 49 kDa Actl7a ENSMUSG00000070979 
85662421 NP_899105 46 kDa Actl9 ENSMUSG00000092519 
11230802 NP_068695 105 kDa Actn4 ENSMUSG00000054808 
13386316 NP_082789 42 kDa Actrt2 ENSMUSG00000051276 
13384810 NP_079697 11 kDa Acyp1 ENSMUSG00000008822 
114842412 NP_742123 89 kDa Adam1b ENSMUSG00000062438 
121949804 NP_033749 91 kDa Adam3 ENSMUSG00000031553 
27923590 NP_033750 84 kDa Adam4 ENSMUSG00000072972 
75677440 NP_031427 85 kDa Adam5 ENSMUSG00000031554 
57222276 NP_001009545 85 kDa Adam6b ENSMUSG00000051804 
110347491 NP_031428 89 kDa Adam7 ENSMUSG00000022056 
27370330 NP_766463 50 kDa Adc ENSMUSG00000028789 
66792806 NP_473411 87 kDa Afg3l1 ENSMUSG00000031967 
110625761 NP_081406 90 kDa Afg3l2 ENSMUSG00000024527 
54292135 NP_001005847 37 kDa Aga ENSMUSG00000031521 
37537518 NP_076027 47 kDa Agk ENSMUSG00000029916 
23956162 NP_080488 31 kDa Agpat2 ENSMUSG00000026922 
27229278 NP_443747 43 kDa Agpat3 ENSMUSG00000001211 
6755004 NP_036149 67 kDa Aifm1 ENSMUSG00000036932 
10946936 NP_067490 23 kDa Ak1 ENSMUSG00000026817 
149263924 XP_484225 14 kDa AK157302 ENSMUSG00000078139 
34328230 NP_058591 26 kDa Ak2 ENSMUSG00000028792 
23956104 NP_067274 25 kDa Ak3 ENSMUSG00000024782 
254675166 NP_084463 83 kDa Ak7 ENSMUSG00000041323 
152963553 NP_001029046 55 kDa Ak8 ENSMUSG00000026807 
85702101 NP_001028957 58 kDa Akap14 ENSMUSG00000036551 
160358791 NP_033780 96 kDa Akap3 ENSMUSG00000030344 
110347481 NP_033781 94 kDa Akap4 ENSMUSG00000050089 
309266714 XP_003086838 78 kDa Akap4 ENSMUSG00000050089 
309262133 XP_003085720 218 kDa Akd1 ENSMUSG00000091415 
240120054 NP_079613 41 kDa Akr7a5 ENSMUSG00000028743 
34328485 NP_032551 36 kDa Alad ENSMUSG00000028393 
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163310765 NP_033784 69 kDa Alb ENSMUSG00000029368 
255958292 NP_062672 87 kDa Aldh18a1 ENSMUSG00000025007 
85861182 NP_038495 54 kDa Aldh1a1 ENSMUSG00000053279 
6753036 NP_033786 57 kDa Aldh2 ENSMUSG00000029455 
75677435 NP_031463 54 kDa Aldh3a2 ENSMUSG00000010025 
225543103 NP_780647 62 kDa Aldh4a1 ENSMUSG00000028737 
27369748 NP_766120 56 kDa Aldh5a1 ENSMUSG00000035936 
19527258 NP_598803 58 kDa Aldh6a1 ENSMUSG00000021238 
188035915 NP_001120810 56 kDa Aldh7a1 ENSMUSG00000053644 
115334671 NP_064377 56 kDa Aldh9a1 ENSMUSG00000026687 
293597567 NP_001170778 45 kDa Aldoa ENSMUSG00000030695 
309265018 XP_003086419 45 kDa Aldoart1 ENSMUSG00000059343 
153791438 NP_660258 360 kDa Alms1 ENSMUSG00000063810 
62000670 NP_001013836 44 kDa Amt ENSMUSG00000032607 
70794813 NP_067396 62 kDa Angel2 ENSMUSG00000026634 
160707911 NP_112435 203 kDa Ank1 ENSMUSG00000031543 
28316764 NP_783598 87 kDa Ankrd5 ENSMUSG00000074771 
225637487 NP_032512 110 kDa Anpep ENSMUSG00000039062 
120407060 NP_766396 70 kDa Antxrl ENSMUSG00000047441 
124517663 NP_034860 39 kDa Anxa1 ENSMUSG00000024659 
23956196 NP_081487 36 kDa Anxa13 ENSMUSG00000055114 
6996913 NP_031611 39 kDa Anxa2 ENSMUSG00000032231 
161086984 NP_941015 17 kDa Ap2s1 ENSMUSG00000008036 
21553309 NP_659146 31 kDa Apoa1bp ENSMUSG00000028070 
13386062 NP_080841 29 kDa Apool ENSMUSG00000025525 
161484642 NP_080949 23 kDa Apoo-ps ENSMUSG00000049233 
118601013 NP_033828 20 kDa Aprt ENSMUSG00000006589 
194353962 NP_001123880 21 kDa Arf1 ENSMUSG00000048076 
6680722 NP_031506 21 kDa Arf5 ENSMUSG00000020440 
6680724 NP_031507 20 kDa Arf6 ENSMUSG00000044147 
148229140 NP_001078964 202 kDa Arfgef2 ENSMUSG00000074582 
6753110 NP_033835 39 kDa Arg2 ENSMUSG00000021125 
9789881 NP_062692 20 kDa Arl3 ENSMUSG00000025035 
188528681 NP_062639 21 kDa Arl6 ENSMUSG00000022722 
13385518 NP_080287 22 kDa Arl8b ENSMUSG00000030105 
13385536 NP_080310 33 kDa Armc10 ENSMUSG00000038525 
124487327 NP_001074552 97 kDa Armc3 ENSMUSG00000037683 
124487093 NP_001074862 115 kDa Armc4 ENSMUSG00000061802 
58037457 NP_083966 40 kDa Arpm1 ENSMUSG00000037737 
21617845 NP_083817 20 kDa Arxes2 ENSMUSG00000048040 
9790019 NP_062708 45 kDa Asah1 ENSMUSG00000031591 
21311897 NP_081303 32 kDa Asb9 ENSMUSG00000031384 
31560239 NP_079886 34 kDa Asrgl1 ENSMUSG00000024654 
257196273 NP_001158084 133 kDa Atp13a4 ENSMUSG00000038094 
21450277 NP_659149 113 kDa Atp1a1 ENSMUSG00000033161 
226958351 NP_038762 115 kDa Atp1a4 ENSMUSG00000007107 
6680744 NP_031528 32 kDa Atp1b3 ENSMUSG00000032412 
158635979 NP_001103610 115 kDa Atp2a2 ENSMUSG00000029467 
269784615 NP_001161421 129 kDa Atp2b4 ENSMUSG00000026463 
6680748 NP_031531 60 kDa Atp5a1 ENSMUSG00000025428 
31980648 NP_058054 56 kDa Atp5b ENSMUSG00000025393 
163838641 NP_065640 33 kDa Atp5c1 ENSMUSG00000025781 
78214312 NP_033855 29 kDa Atp5f1 ENSMUSG00000000563 
21313679 NP_082138 19 kDa Atp5h ENSMUSG00000034566 
10181184 NP_065607 10 kDa Atp5j2 ENSMUSG00000038690 
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83715998 NP_031533 8 kDa Atp5k ENSMUSG00000050856 
149251053 XP_001478145 23 kDa Atp5o ENSMUSG00000022956 
13386040 NP_080812 23 kDa Atp5s ENSMUSG00000054894 
31981304 NP_038505 40 kDa Atp6v0d1 ENSMUSG00000013160 
31560731 NP_031534 68 kDa Atp6v1a ENSMUSG00000052459 
19705578 NP_031535 57 kDa Atp6v1b2 ENSMUSG00000006273 
33147082 NP_476512 121 kDa Bag6 ENSMUSG00000024392 
6753178 NP_035923 10 kDa Banf1 ENSMUSG00000024844 
113679811 NP_001038215 10 kDa Banf2 ENSMUSG00000037307 
45598372 NP_081671 22 kDa Basp1 ENSMUSG00000045763 
56090513 NP_001007592 40 kDa BB014433 ENSMUSG00000049008 
47564127 NP_001001185 10 kDa BC048507 ENSMUSG00000064063 
52138534 NP_001004192 23 kDa BC048562 ENSMUSG00000050641 
29244306 NP_808453 41 kDa BC049635 ENSMUSG00000050141 
59933292 NP_954601 27 kDa BC049730 ENSMUSG00000045587 
110625692 NP_001001334 55 kDa BC061194 ENSMUSG00000037708 
31981310 NP_036190 28 kDa Bcap31 ENSMUSG00000002015 
183396774 NP_031559 51 kDa Bckdha ENSMUSG00000060376 
21313544 NP_080060 47 kDa Bcs1l ENSMUSG00000026172 
170014720 NP_780386 38 kDa Bdh1 ENSMUSG00000046598 
309261892 XP_003085430 16 kDa Beta-s ENSMUSG00000052305 
21624609 NP_080788 33 kDa Bphl ENSMUSG00000038286 
29244434 NP_808518 54 kDa Bpi ENSMUSG00000052922 
39652626 NP_035924 33 kDa Bpnt1 ENSMUSG00000026617 
58037467 NP_084028 28 kDa Bri3bp ENSMUSG00000037905 
21312594 NP_081706 14 kDa Brp44 ENSMUSG00000026568 
116014342 NP_001070652 30 kDa Bsg ENSMUSG00000023175 
20149730 NP_619594 54 kDa Bspry ENSMUSG00000028392 
238776835 NP_001074507 60 kDa Btbd16 ENSMUSG00000040298 
21735489 NP_663447 24 kDa C030006K11Rik ENSMUSG00000079002 
112181167 NP_031599 31 kDa C1qbp ENSMUSG00000018446 
31542273 NP_666269 112 kDa C230096C10Rik ENSMUSG00000078517 
115430101 NP_031602 52 kDa C4bp ENSMUSG00000026405 
109255220 NP_001035883 48 kDa Cabyr ENSMUSG00000024430 
109255218 NP_859420 41 kDa Cabyr ENSMUSG00000024430 
6680832 NP_031615 17 kDa Calm3 ENSMUSG00000019370 
6680836 NP_031617 48 kDa Calr ENSMUSG00000003814 
189409138 NP_082270 136 kDa Cand1 ENSMUSG00000020114 
160333212 NP_001103969 67 kDa Canx ENSMUSG00000020368 
157951670 NP_031631 35 kDa Capza3 ENSMUSG00000041791 
6753262 NP_033928 31 kDa Capzb ENSMUSG00000028745 
6671678 NP_031633 34 kDa Car4 ENSMUSG00000000805 
298676450 NP_081271 39 kDa Carkd ENSMUSG00000031505 
157951741 NP_033934 60 kDa Cat ENSMUSG00000027187 
257900479 NP_766611 126 kDa Catsperb ENSMUSG00000047014 
157951745 NP_083990 131 kDa Catsperg2 ENSMUSG00000049123 
113680352 NP_031646 31 kDa Cbr1 ENSMUSG00000051483 
6671688 NP_031647 26 kDa Cbr2 ENSMUSG00000025150 
269784762 NP_663570 25 kDa Cbr4 ENSMUSG00000031641 
30424613 NP_776124 47 kDa Ccbl2 ENSMUSG00000040213 
254553376 NP_081906 57 kDa Ccdc105 ENSMUSG00000078442 
87162476 NP_001034584 209 kDa Ccdc108 ENSMUSG00000047021 
261862311 NP_083224 62 kDa Ccdc11 ENSMUSG00000035394 
85701754 NP_001028415 74 kDa Ccdc114 ENSMUSG00000040189 
154091013 NP_001036180 103 kDa Ccdc135 ENSMUSG00000031786 
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256222930 NP_663549 137 kDa Ccdc136 ENSMUSG00000029769 
261245029 NP_083471 115 kDa Ccdc146 ENSMUSG00000064280 
253795525 NP_001156739 104 kDa Ccdc147 ENSMUSG00000046585 
85701985 NP_001028632 89 kDa Ccdc164 ENSMUSG00000073102 
254675124 NP_082248 66 kDa Ccdc19 ENSMUSG00000026546 
21312922 NP_080498 110 kDa Ccdc39 ENSMUSG00000027676 
30425148 NP_780639 137 kDa Ccdc40 ENSMUSG00000039963 
164519120 NP_808447 38 kDa Ccdc42 ENSMUSG00000045915 
34303985 NP_899130 68 kDa Ccdc63 ENSMUSG00000043036 
244790085 NP_001156451 76 kDa Ccdc81 ENSMUSG00000039391 
50582595 NP_001002787 67 kDa Ccin ENSMUSG00000070999 
126521835 NP_031662 57 kDa Cct2 ENSMUSG00000034024 
6753320 NP_033966 61 kDa Cct3 ENSMUSG00000001416 
6753322 NP_033967 58 kDa Cct4 ENSMUSG00000007739 
6671702 NP_031663 60 kDa Cct5 ENSMUSG00000022234 
6753324 NP_033968 58 kDa Cct6a ENSMUSG00000029447 
226693361 NP_033969 58 kDa Cct6b ENSMUSG00000020698 
238814391 NP_031664 60 kDa Cct7 ENSMUSG00000030007 
38348482 NP_941023 61 kDa Cct8l1 ENSMUSG00000038044 
23346525 NP_694738 162 kDa Cd109 ENSMUSG00000046186 
6754660 NP_034908 41 kDa Cd46 ENSMUSG00000016493 
114326522 NP_034146 43 kDa Cd55 ENSMUSG00000026399 
32469507 NP_862906 14 kDa Cd59b ENSMUSG00000068686 
172072671 NP_766175 56 kDa Cdc14b ENSMUSG00000033102 
6753364 NP_033991 21 kDa Cdc42 ENSMUSG00000006699 
21362277 NP_620093 24 kDa Cdipt ENSMUSG00000030682 
21450187 NP_659064 46 kDa Cecr5 ENSMUSG00000058979 
225703070 NP_082724 28 kDa Cenpv ENSMUSG00000018509 
117553604 NP_444430 62 kDa Ces1d ENSMUSG00000056973 
51556221 NP_001003951 64 kDa Ces5a ENSMUSG00000058019 
6680924 NP_031713 19 kDa Cfl1 ENSMUSG00000056201 
21313618 NP_079612 26 kDa Chchd3 ENSMUSG00000053768 
267844804 NP_079627 30 kDa Chchd6 ENSMUSG00000030086 
210031252 NP_758468 66 kDa Chdh ENSMUSG00000015970 
19527228 NP_598768 12 kDa Cisd1 ENSMUSG00000037710 
21728370 NP_080178 15 kDa Cisd2 ENSMUSG00000028165 
6753428 NP_034027 47 kDa Ckmt1 ENSMUSG00000000308 
13447394 NP_085104 100 kDa Clca2 ENSMUSG00000028262 
15617203 NP_254279 27 kDa Clic1 ENSMUSG00000007041 
27229085 NP_081361 27 kDa Clic3 ENSMUSG00000015093 
8393156 NP_059089 30 kDa Clpp ENSMUSG00000002660 
113205071 NP_035932 69 kDa Clpx ENSMUSG00000015357 
51491845 NP_001003908 192 kDa Cltc ENSMUSG00000047126 
214010170 NP_038520 52 kDa Clu ENSMUSG00000022037 
6857812 NP_034910 29 kDa Cma1 ENSMUSG00000022225 
9903607 NP_064337 21 kDa Cnpy2 ENSMUSG00000025381 
6753484 NP_034063 108 kDa Col6a1 ENSMUSG00000001119 
22203747 NP_666119 110 kDa Col6a2 ENSMUSG00000020241 
309266594 XP_003086799 285 kDa Col6a5 ENSMUSG00000091345 
33468999 NP_081241 29 kDa Comtd1 ENSMUSG00000021773 
226823359 NP_034068 138 kDa Copa ENSMUSG00000026553 
29789080 NP_056642 102 kDa Copb2 ENSMUSG00000032458 
8567338 NP_059505 98 kDa Copg ENSMUSG00000030058 
6753490 NP_036131 46 kDa Cops4 ENSMUSG00000035297 
114158691 NP_598566 23 kDa Cops8 ENSMUSG00000034432 
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20587962 NP_034070 24 kDa Coq7 ENSMUSG00000030652 
6753498 NP_034071 20 kDa Cox4i1 ENSMUSG00000031818 
112181182 NP_031773 16 kDa Cox5a ENSMUSG00000000088 
6680988 NP_031774 12 kDa Cox6a1 ENSMUSG00000041697 
13385090 NP_079904 10 kDa Cox6b1 ENSMUSG00000036751 
34536823 NP_899665 11 kDa Cox6b2 ENSMUSG00000051811 
16716343 NP_444301 8 kDa Cox6c ENSMUSG00000014313 
31981830 NP_034075 9 kDa Cox7a2 ENSMUSG00000032330 
6680999 NP_031779 49 kDa Cpa3 ENSMUSG00000001865 
162287165 NP_034078 88 kDa Cpt1b ENSMUSG00000078937 
162138915 NP_034079 74 kDa Cpt2 ENSMUSG00000028607 
85662408 NP_031786 71 kDa Crat ENSMUSG00000026853 
157951659 NP_033768 28 kDa Crisp1 ENSMUSG00000025431 
6678423 NP_033446 28 kDa Crisp2 ENSMUSG00000023930 
13385942 NP_080720 52 kDa Cs ENSMUSG00000005683 
269973935 NP_082221 52 kDa Csl ENSMUSG00000046934 
22165382 NP_666199 38 kDa Csnk1a1 ENSMUSG00000024576 
31542427 NP_031814 45 kDa Csnk2a1 ENSMUSG00000074698 
6753540 NP_034104 41 kDa Csnk2a2 ENSMUSG00000046707 
7106277 NP_034105 25 kDa Csnk2b ENSMUSG00000024387 
254587970 NP_081330 16 kDa Cst12 ENSMUSG00000027443 
6681079 NP_031824 37 kDa Ctsb ENSMUSG00000021939 
160707990 NP_034112 52 kDa Ctsc ENSMUSG00000030560 
6753556 NP_034113 45 kDa Ctsd ENSMUSG00000007891 
7710014 NP_057925 89 kDa Cul3 ENSMUSG00000004364 
165932339 NP_079806 28 kDa Cutc ENSMUSG00000025193 
133778951 NP_032437 68 kDa Cuzd1 ENSMUSG00000040205 
31044463 NP_851840 78 kDa Cwh43 ENSMUSG00000029154 
13385268 NP_080073 15 kDa Cyb5 ENSMUSG00000024646 
31542438 NP_079834 16 kDa Cyb5b ENSMUSG00000031924 
113865881 NP_001038990 27 kDa Cyb5d1 ENSMUSG00000044795 
19745150 NP_084063 34 kDa Cyb5r3 ENSMUSG00000018042 
13385006 NP_079843 35 kDa Cyc1 ENSMUSG00000022551 
242247109 NP_001156337 47 kDa Cylc2 ENSMUSG00000039555 
74271886 NP_084289 52 kDa Cyp20a1 ENSMUSG00000049439 
86198314 NP_758510 58 kDa Cyp4a12b ENSMUSG00000078597 
71061451 NP_064394 57 kDa Cyp51 ENSMUSG00000001467 
149274885 XP_001474527 28 kDa D10Jhu81e ENSMUSG00000053329 
164518942 NP_001106829 12 kDa Dad1 ENSMUSG00000022174 
21703976 NP_663471 60 kDa Dak ENSMUSG00000034371 
10946592 NP_067269 10 kDa Dbil5 ENSMUSG00000038057 
27754054 NP_080827 26 kDa Dcakd ENSMUSG00000020935 
309265149 XP_003086447 49 kDa Ddost ENSMUSG00000028757 
6753618 NP_034157 13 kDa Ddt ENSMUSG00000001666 
6753622 NP_036063 31 kDa Decr2 ENSMUSG00000036775 
21361236 NP_631967 9 kDa Defb11 ENSMUSG00000045337 
21553123 NP_660139 10 kDa Defb19 ENSMUSG00000050645 
6753624 NP_034160 8 kDa Defb2 ENSMUSG00000006570 
124301232 NP_795924 11 kDa Defb20 ENSMUSG00000049560 
247269607 NP_038792 32 kDa Dguok ENSMUSG00000014554 
9910194 NP_064430 43 kDa Dhodh ENSMUSG00000031730 
31980844 NP_081095 34 kDa Dhrs1 ENSMUSG00000002332 
256220343 NP_001033027 30 kDa Dhrs4 ENSMUSG00000022210 
21703854 NP_663403 35 kDa Dhrs7b ENSMUSG00000042569 
124487485 NP_001074600 103 kDa Dhtkd1 ENSMUSG00000025815 
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257796245 NP_663589 68 kDa Dlat ENSMUSG00000000168 
31982856 NP_031887 54 kDa Dld ENSMUSG00000020664 
21313536 NP_084501 49 kDa Dlst ENSMUSG00000004789 
309268955 XP_003084792 468 kDa Dnahc ENSMUSG00000052273 
256773234 NP_001028840 487 kDa Dnahc1 ENSMUSG00000019027 
254692843 NP_062409 530 kDa Dnahc10 ENSMUSG00000038011 
309263036 XP_003085961 451 kDa Dnahc12 ENSMUSG00000021879 
283837762 NP_001161218 509 kDa Dnahc17 ENSMUSG00000033987 
124486773 NP_001074799 512 kDa Dnahc2 ENSMUSG00000005237 
257467659 NP_001158141 475 kDa Dnahc6 ENSMUSG00000052861 
309264310 XP_911967 466 kDa Dnahc7a ENSMUSG00000067440 
237874196 NP_001153858 467 kDa Dnahc7b ENSMUSG00000041144 
309264248 XP_003086233 467 kDa Dnahc7c ENSMUSG00000078595 
153792273 NP_038839 541 kDa Dnahc8 ENSMUSG00000033826 
227330593 NP_780347 80 kDa Dnaic1 ENSMUSG00000061322 
114145546 NP_001030050 71 kDa Dnaic2 ENSMUSG00000034706 
205361112 NP_076135 52 kDa Dnaja3 ENSMUSG00000004069 
11496255 NP_067397 45 kDa Dnaja4 ENSMUSG00000032285 
110625998 NP_080676 41 kDa Dnajb11 ENSMUSG00000004460 
29648322 NP_705755 36 kDa Dnajb13 ENSMUSG00000030708 
83816907 NP_001033029 40 kDa Dnajb6 ENSMUSG00000029131 
119508443 NP_077143 91 kDa Dnajc10 ENSMUSG00000027006 
164565394 NP_766292 63 kDa Dnajc11 ENSMUSG00000039768 
247494234 NP_001156498 254 kDa Dnajc13 ENSMUSG00000032560 
309268906 XP_003084767 12 kDa Dnajc19 ENSMUSG00000027679 
164607162 NP_083097 21 kDa Dnalc1 ENSMUSG00000042523 
30172570 NP_780432 30 kDa Dnali1 ENSMUSG00000042707 
161016820 NP_058574 52 kDa Dnpep ENSMUSG00000026209 
21313683 NP_082236 54 kDa Dpep3 ENSMUSG00000031898 
6753670 NP_034202 29 kDa Dpm1 ENSMUSG00000078919 
227116292 NP_001153015 84 kDa Dpp4 ENSMUSG00000035000 
169646320 NP_766508 84 kDa Dpy19l1 ENSMUSG00000043067 
261245007 NP_001159679 90 kDa Dpy19l2 ENSMUSG00000085576 
169234958 NP_034209 115 kDa Dsg1a ENSMUSG00000069441 
190194418 NP_076331 333 kDa Dsp ENSMUSG00000054889 
9790219 NP_062745 19 kDa Dstn ENSMUSG00000015932 
157785665 NP_001099137 24 kDa Dtymk ENSMUSG00000026281 
58037325 NP_082844 22 kDa Dusp21 ENSMUSG00000025043 
21312314 NP_082483 20 kDa Dusp3 ENSMUSG00000003518 
21281687 NP_076084 17 kDa Dut ENSMUSG00000027203 
134288917 NP_084514 532 kDa Dync1h1 ENSMUSG00000018707 
213688406 NP_062656 10 kDa Dynll1 ENSMUSG00000009013 
18087731 NP_080832 10 kDa Dynll2 ENSMUSG00000020483 
25072207 NP_083573 11 kDa Dynlrb2 ENSMUSG00000034467 
149268330 XP_001475667 12 kDa Dynlt1d  
6681255 NP_031924 26 kDa Ebp ENSMUSG00000031168 
7949037 NP_058052 36 kDa Ech1 ENSMUSG00000053898 
29789289 NP_444349 31 kDa Echs1 ENSMUSG00000025465 
31981810 NP_034153 32 kDa Eci1 ENSMUSG00000024132 
160333193 NP_001103801 43 kDa Eci2 ENSMUSG00000021417 
45356141 NP_987104 18 kDa Eddm3b ENSMUSG00000072575 
126032329 NP_034236 50 kDa Eef1a1 ENSMUSG00000037742 
110625979 NP_080283 50 kDa Eef1g ENSMUSG00000071644 
33859482 NP_031933 95 kDa Eef2 ENSMUSG00000034994 
124486666 NP_001074515 50 kDa Efcab3 ENSMUSG00000020690 
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239052655 NP_084222 176 kDa Efcab6 ENSMUSG00000022441 
255003729 NP_766085 96 kDa Efhb ENSMUSG00000023931 
254553422 NP_082250 75 kDa Efhc1 ENSMUSG00000041809 
262050574 NP_083192 88 kDa Efhc2 ENSMUSG00000025038 
31541815 NP_076226 78 kDa Ehhadh ENSMUSG00000022853 
21703762 NP_663355 43 kDa Eif3m ENSMUSG00000027170 
176865892 NP_038534 46 kDa Eif4a2 ENSMUSG00000022884 
262359885 NP_001160061 17 kDa Eif5a ENSMUSG00000078812 
27501448 NP_034709 27 kDa Eif6 ENSMUSG00000027613 
226437629 NP_034460 37 kDa Emb ENSMUSG00000021728 
21313146 NP_082004 30 kDa Enkur ENSMUSG00000026679 
158853992 NP_075608 47 kDa Eno1 ENSMUSG00000063524 
7305035 NP_038541 77 kDa Epb4 ENSMUSG00000023216 
13507656 NP_109636 107 kDa Erap1 ENSMUSG00000021583 
23956396 NP_705820 38 kDa Erlin2 ENSMUSG00000031483 
19526463 NP_080405 29 kDa Erp29 ENSMUSG00000029616 
19072792 NP_083848 47 kDa Erp44 ENSMUSG00000028343 
227500281 NP_663590 35 kDa Etfa ENSMUSG00000032314 
38142460 NP_080971 28 kDa Etfb ENSMUSG00000004610 
254588014 NP_080070 68 kDa Etfdh ENSMUSG00000027809 
83921618 NP_033536 69 kDa Ezr ENSMUSG00000052397 
226443015 NP_034303 63 kDa Faah ENSMUSG00000034171 
40254574 NP_035728 15 kDa Fabp9 ENSMUSG00000027528 
12963697 NP_075969 25 kDa Fahd1 ENSMUSG00000045316 
29366814 NP_083905 35 kDa Fahd2a ENSMUSG00000027371 
124487360 NP_001074565 55 kDa Fam154a ENSMUSG00000028492 
21312546 NP_081618 18 kDa Fam162a ENSMUSG00000003955 
21311859 NP_080900 37 kDa Fam166a ENSMUSG00000026969 
34304065 NP_899095 11 kDa Fam24a ENSMUSG00000030859 
158187507 NP_001103229 64 kDa Fam71a ENSMUSG00000091017 
62000656 NP_001013805 69 kDa Fam71b ENSMUSG00000020401 
253795495 NP_083345 50 kDa Fam71d ENSMUSG00000056987 
31560255 NP_079752 35 kDa Fam82b ENSMUSG00000028229 
13385328 NP_080126 38 kDa Fank1 ENSMUSG00000053111 
93102409 NP_032014 272 kDa Fasn ENSMUSG00000025153 
118197277 NP_032019 312 kDa Fbn1 ENSMUSG00000027204 
9506589 NP_062268 37 kDa Fbp1 ENSMUSG00000069805 
20452466 NP_032024 47 kDa Fech ENSMUSG00000024588 
33859809 NP_862897 55 kDa Fgb ENSMUSG00000033831 
226823367 NP_034339 54 kDa Fh1 ENSMUSG00000026526 
6753862 NP_034340 17 kDa Fhit ENSMUSG00000060579 
31560590 NP_034344 32 kDa Fhl4 ENSMUSG00000050035 
13384998 NP_079838 17 kDa Fis1 ENSMUSG00000019054 
261824055 NP_001159840 15 kDa Fkbp2 ENSMUSG00000056629 
89337262 NP_796015 55 kDa Flad1 ENSMUSG00000042642 
84370015 NP_001013826 251 kDa Flg2 ENSMUSG00000049133 
125347376 NP_034357 280 kDa Flna ENSMUSG00000031328 
145966915 NP_598841 277 kDa Flnb ENSMUSG00000025278 
113931164 NP_084500 36 kDa Fndc8 ENSMUSG00000018844 
228008367 NP_058050 85 kDa Folh1 ENSMUSG00000001773 
253795534 NP_001156743 114 kDa Fscb ENSMUSG00000043060 
31982710 NP_062515 56 kDa Fscn3 ENSMUSG00000029707 
309264486 XP_918762 783 kDa Fsip2 ENSMUSG00000075249 
247270151 NP_080562 27 kDa Ftmt ENSMUSG00000024510 
47271524 NP_787949 39 kDa G6pc3 ENSMUSG00000034793 
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93102411 NP_032105 77 kDa Galc ENSMUSG00000021003 
162951828 NP_056551 73 kDa Galnt3 ENSMUSG00000026994 
6679891 NP_032086 109 kDa Ganab ENSMUSG00000071650 
6679939 NP_032111 47 kDa Gapdhs ENSMUSG00000061099 
126157525 NP_061343 56 kDa Gas8 ENSMUSG00000040220 
160298168 NP_032121 33 kDa Gbas ENSMUSG00000029432 
240120117 NP_038875 45 kDa Gcat ENSMUSG00000006378 
113680425 NP_032123 49 kDa Gcdh ENSMUSG00000003809 
6680019 NP_032155 31 kDa Gclm ENSMUSG00000028124 
94394659 XP_978753 19 kDa Gcsh ENSMUSG00000034424 
23956140 NP_079914 36 kDa Gdpd1 ENSMUSG00000061666 
225690549 NP_796240 86 kDa Gfm2 ENSMUSG00000021666 
6679995 NP_032142 62 kDa Ggt1 ENSMUSG00000006345 
224994186 NP_659035 70 kDa Ggt7 ENSMUSG00000027603 
17505218 NP_510963 37 kDa Ghitm ENSMUSG00000041028 
6754000 NP_034424 61 kDa Gk2 ENSMUSG00000050553 
6753190 NP_033882 73 kDa Glb1 ENSMUSG00000045594 
24418925 NP_722498 74 kDa Glb1l2 ENSMUSG00000036395 
164519028 NP_001106794 76 kDa Glb1l3 ENSMUSG00000031966 
20070408 NP_613061 113 kDa Gldc ENSMUSG00000024827 
6677905 NP_033175 134 kDa Glg1 ENSMUSG00000003316 
226443038 NP_081294 27 kDa Glipr1l1 ENSMUSG00000020213 
149261181 XP_001480681 27 kDa Glipr1l1 ENSMUSG00000020213 
21312153 NP_082695 16 kDa Glrx5 ENSMUSG00000021102 
31560025 NP_077792 25 kDa Gltpd1 ENSMUSG00000029073 
6680027 NP_032159 61 kDa Glud1 ENSMUSG00000021794 
31982332 NP_032157 42 kDa Glul ENSMUSG00000026473 
149270456 XP_001478454 12 kDa Gm10053 ENSMUSG00000058927 
6679439 NP_032933 18 kDa Gm10123 ENSMUSG00000062933 
149253631 XP_001478505 11 kDa Gm10221  
309263307 XP_003086015 54 kDa Gm10345 ENSMUSG00000071724 
149259896 XP_001478063 23 kDa Gm10698  
82904142 XP_911595 27 kDa Gm1096  
112807195 NP_034072 14 kDa Gm11273 ENSMUSG00000079941 
149262383 XP_001473243 16 kDa Gm11518  
67625729 NP_001020012 38 kDa Gm128 ENSMUSG00000068860 
85701762 NP_001028427 39 kDa Gm136 ENSMUSG00000071015 
91206446 NP_001035144 12 kDa Gm14316 ENSMUSG00000074593 
149258833 XP_917761 141 kDa Gm16486  
224500887 NP_001139109 49 kDa Gm1661 ENSMUSG00000060268 
309266897 XP_989934 17 kDa Gm17759  
85701842 NP_001028517 57 kDa Gm216 ENSMUSG00000073650 
149263552 XP_001477052 12 kDa Gm3452 ENSMUSG00000091498 
149258261 XP_001480523 17 kDa Gm4459  
82943105 XP_112098 47 kDa Gm46 ENSMUSG00000071179 
46559428 NP_808261 21 kDa Gm4763 ENSMUSG00000058717 
189230088 NP_001030036 47 kDa Gm4907 ENSMUSG00000068113 
168229152 NP_001094954 13 kDa Gm4984  
148225760 NP_001078968 76 kDa Gm595 ENSMUSG00000079606 
82880886 XP_890389 33 kDa Gm6136  
9790169 NP_062729 17 kDa Gm6169 ENSMUSG00000057762 
294459930 NP_001170887 19 kDa Gm6792 ENSMUSG00000053367 
94392438 XP_001004846 13 kDa Gm6969  
262263360 NP_001034329 38 kDa Gm7073 ENSMUSG00000079583 
76781472 NP_941030 75 kDa Gm711 ENSMUSG00000049897 
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309262854 XP_998931 125 kDa Gm8672  
83027669 XP_354560 38 kDa Gm872 ENSMUSG00000020014 
309266351 XP_003086742 34 kDa Gm8730 ENSMUSG00000003696 
268370275 NP_001028606 165 kDa Gm884 ENSMUSG00000034239 
160333553 NP_033102 18 kDa Gm9396 ENSMUSG00000063328 
13937391 NP_034442 37 kDa Gnb2 ENSMUSG00000029713 
160298207 NP_034452 77 kDa Gnpat ENSMUSG00000031985 
6754036 NP_034455 47 kDa Got2 ENSMUSG00000031672 
224922803 NP_034404 81 kDa Gpd2 ENSMUSG00000026827 
254553458 NP_032181 63 kDa Gpi1 ENSMUSG00000036427 
171846253 NP_444340 64 kDa Gpnmb ENSMUSG00000029816 
27805389 NP_776291 58 kDa Gpt2 ENSMUSG00000031700 
84871986 NP_032186 22 kDa Gpx1 ENSMUSG00000063856 
90903233 NP_001032830 29 kDa Gpx4 ENSMUSG00000075706 
171543846 NP_034473 25 kDa Gpx5 ENSMUSG00000004344 
17933768 NP_525028 35 kDa Grhpr ENSMUSG00000035637 
224967126 NP_032201 65 kDa Grn ENSMUSG00000034708 
13277394 NP_077798 24 kDa Grpel1 ENSMUSG00000029198 
21313138 NP_083831 26 kDa Gstk1 ENSMUSG00000029864 
6754084 NP_034488 26 kDa Gstm1 ENSMUSG00000058135 
6680121 NP_032209 26 kDa Gstm2 ENSMUSG00000040562 
6754086 NP_034490 27 kDa Gstm5 ENSMUSG00000004032 
225007547 NP_080895 29 kDa Gsto2 ENSMUSG00000025069 
158081796 NP_034491 28 kDa Gstt2 ENSMUSG00000033318 
21536248 NP_598755 27 kDa Gstt3 ENSMUSG00000001665 
294610650 NP_083748 28 kDa Gstt4 ENSMUSG00000009093 
6754092 NP_034493 24 kDa Gstz1 ENSMUSG00000021033 
225543576 NP_032213 23 kDa Gtl3 ENSMUSG00000031796 
6754098 NP_034498 74 kDa Gusb ENSMUSG00000025534 
49355801 NP_034423 60 kDa Gykl1 ENSMUSG00000053624 
13386112 NP_080903 13 kDa H2afb1 ENSMUSG00000062651 
7106331 NP_034566 15 kDa H2afx ENSMUSG00000049932 
157951743 NP_038571 27 kDa H2-Ke6 ENSMUSG00000073422 
111038118 NP_032238 34 kDa Hadh ENSMUSG00000027984 
33859811 NP_849209 83 kDa Hadha ENSMUSG00000025745 
21704100 NP_663533 51 kDa Hadhb ENSMUSG00000059447 
227499238 NP_077246 34 kDa Hagh ENSMUSG00000024158 
6754152 NP_034531 72 kDa Hal ENSMUSG00000020017 
145301549 NP_001077424 15 kDa Hba-a1 ENSMUSG00000069919 
17647499 NP_058652 16 kDa Hbb-b2 ENSMUSG00000073940 
165972327 NP_080384 26 kDa Hdhd1a ENSMUSG00000048875 
21312204 NP_077219 28 kDa Hdhd3 ENSMUSG00000038422 
283046757 NP_780666 182 kDa Heatr7a ENSMUSG00000022558 
260593706 NP_001159538 180 kDa Heatr7b2 ENSMUSG00000022155 
187608579 NP_001119959 142 kDa Heatr8 ENSMUSG00000047502 
6754186 NP_034552 61 kDa Hexb ENSMUSG00000021665 
21704140 NP_663542 35 kDa Hibadh ENSMUSG00000029776 
22122625 NP_666220 43 kDa Hibch ENSMUSG00000041426 
9789977 NP_062788 10 kDa Higd1a ENSMUSG00000038412 
33468857 NP_032274 14 kDa Hint1 ENSMUSG00000020267 
110625719 NP_081147 17 kDa Hint2 ENSMUSG00000028470 
21426893 NP_064418 23 kDa Hist1h1b ENSMUSG00000058773 
13430890 NP_056602 22 kDa Hist1h1e ENSMUSG00000051627 
28316750 NP_783594 14 kDa Hist1h2ba ENSMUSG00000050799 
160420308 NP_835509 16 kDa Hist1h2bp ENSMUSG00000069308 
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21361209 NP_291074 11 kDa Hist1h4h ENSMUSG00000060981 
20799907 NP_038577 14 kDa Hist2h2aa2 ENSMUSG00000064220 
225735584 NP_001139572 102 kDa Hk1 ENSMUSG00000037012 
7305143 NP_038848 103 kDa Hk2 ENSMUSG00000000628 
162329617 NP_001104752 25 kDa Hmg1l1 ENSMUSG00000066530 
171543858 NP_032280 34 kDa Hmgcl ENSMUSG00000028672 
209862939 NP_001129538 36 kDa Hmox2 ENSMUSG00000004070 
22122847 NP_666368 40 kDa Hpdl ENSMUSG00000043155 
40807498 NP_032313 14 kDa Hrsp12 ENSMUSG00000022323 
225703114 NP_705799 27 kDa Hscb ENSMUSG00000043510 
61888838 NP_058043 27 kDa Hsd17b10 ENSMUSG00000025260 
16716597 NP_444492 33 kDa Hsd17b11 ENSMUSG00000029311 
9789991 NP_062631 35 kDa Hsd17b12 ENSMUSG00000027195 
31982273 NP_032318 79 kDa Hsd17b4 ENSMUSG00000024507 
125656150 NP_077217 54 kDa Hsdl2 ENSMUSG00000028383 
6754254 NP_034610 85 kDa Hsp90aa1 ENSMUSG00000021270 
40556608 NP_032328 83 kDa Hsp90ab1 ENSMUSG00000023944 
6755863 NP_035761 92 kDa Hsp90b1 ENSMUSG00000020048 
124339838 NP_038586 71 kDa Hspa1l ENSMUSG00000007033 
31560686 NP_032327 70 kDa Hspa2 ENSMUSG00000059970 
40254361 NP_035150 94 kDa Hspa4l ENSMUSG00000025757 
254540166 NP_071705 72 kDa Hspa5 ENSMUSG00000026864 
31981690 NP_112442 71 kDa Hspa8 ENSMUSG00000015656 
162461907 NP_034611 73 kDa Hspa9 ENSMUSG00000024359 
254675150 NP_083583 22 kDa Hspb9 ENSMUSG00000017832 
13195602 NP_077134 39 kDa Hspbp1 ENSMUSG00000063802 
183396771 NP_034607 61 kDa Hspd1 ENSMUSG00000025980 
6680309 NP_032329 11 kDa Hspe1 ENSMUSG00000073676 
225690589 NP_058561 30 kDa Htatip2 ENSMUSG00000039745 
229093139 NP_062510 51 kDa Htra1 ENSMUSG00000006205 
74315965 NP_083233 61 kDa Hyal5 ENSMUSG00000029678 
46361984 NP_766504 582 kDa Hydin ENSMUSG00000059854 
157951706 NP_067370 111 kDa Hyou1 ENSMUSG00000032115 
38490690 NP_941055 113 kDa Iars2 ENSMUSG00000026618 
225579033 NP_766599 51 kDa Idh2 ENSMUSG00000030541 
18250284 NP_083849 40 kDa Idh3a ENSMUSG00000032279 
18700024 NP_570954 42 kDa Idh3b ENSMUSG00000027406 
6680345 NP_032349 43 kDa Idh3g ENSMUSG00000002010 
281604088 NP_663335 32 kDa Idi1 ENSMUSG00000058258 
133778978 NP_034645 274 kDa Igf2r ENSMUSG00000023830 
254553434 NP_034345 70 kDa Il4i1 ENSMUSG00000074141 
31981468 NP_444352 20 kDa Immp2l ENSMUSG00000056899 
70608131 NP_083949 84 kDa Immt ENSMUSG00000052337 
31980942 NP_061352 30 kDa Impa1 ENSMUSG00000027531 
29789199 NP_076068 124 kDa Ipo5 ENSMUSG00000030662 
21313054 NP_083684 53 kDa Iqcd ENSMUSG00000029601 
54020727 NP_080366 24 kDa Iqcf4 ENSMUSG00000041009 
222831630 NP_083576 18 kDa Iqcf5 ENSMUSG00000066382 
242332572 NP_057930 189 kDa Iqgap1 ENSMUSG00000030536 
134031980 NP_950178 51 kDa Irgc1 ENSMUSG00000062028 
254039596 NP_083139 17 kDa Isca2 ENSMUSG00000021241 
21313484 NP_079802 18 kDa Iscu ENSMUSG00000025825 
15805028 NP_065608 21 kDa Isg20 ENSMUSG00000039236 
197333728 NP_001095068 22 kDa Isoc2a ENSMUSG00000086784 
6680502 NP_032436 30 kDa Itm2b ENSMUSG00000022108 
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254587912 NP_001156999 62 kDa Itpripl1 ENSMUSG00000074825 
9789985 NP_062800 46 kDa Ivd ENSMUSG00000027332 
65301151 NP_001018013 45 kDa Izumo1 ENSMUSG00000064158 
251823722 NP_083593 22 kDa Izumo2 ENSMUSG00000066500 
89886473 NP_082105 26 kDa Izumo4 ENSMUSG00000055862 
28395018 NP_034723 82 kDa Jup ENSMUSG00000001552 
19527170 NP_598711 25 kDa Kdelr1 ENSMUSG00000002778 
13385318 NP_080117 24 kDa Kdelr2 ENSMUSG00000079111 
110625780 NP_081810 36 kDa Kdsr ENSMUSG00000009905 
13385188 NP_080003 69 kDa Klhl10 ENSMUSG00000001558 
126116585 NP_032499 66 kDa Krt1 ENSMUSG00000046834 
112983636 NP_034790 57 kDa Krt10 ENSMUSG00000019761 
21489935 NP_058654 53 kDa Krt14 ENSMUSG00000045545 
226823220 NP_032495 49 kDa Krt15 ENSMUSG00000054146 
6680604 NP_032496 52 kDa Krt16 ENSMUSG00000053797 
7106335 NP_034793 48 kDa Krt17 ENSMUSG00000035557 
124487419 NP_034798 71 kDa Krt2 ENSMUSG00000064201 
145966692 NP_034789 47 kDa Krt31 ENSMUSG00000048981 
291575137 NP_001167570 53 kDa Krt36 ENSMUSG00000020916 
154090941 NP_997648 50 kDa Krt42 ENSMUSG00000053654 
20911031 NP_081287 62 kDa Krt5 ENSMUSG00000061527 
54607171 NP_032502 59 kDa Krt6a ENSMUSG00000058354 
9910294 NP_064340 57 kDa Krt71 ENSMUSG00000051879 
85701680 NP_001028349 63 kDa Krt76 ENSMUSG00000075402 
51092293 NP_001003667 61 kDa Krt77 ENSMUSG00000067594 
145580629 NP_997652 112 kDa Krt78 ENSMUSG00000050463 
22164776 NP_666175 58 kDa Krt79 ENSMUSG00000061397 
114145561 NP_112447 55 kDa Krt8 ENSMUSG00000049382 
124249090 NP_083046 51 kDa Krt80 ENSMUSG00000037185 
225903444 NP_032500 65 kDa Krt84 ENSMUSG00000044294 
31980832 NP_058575 56 kDa Krt85  
21703884 NP_663418 51 kDa L2hgdh ENSMUSG00000020988 
113195678 NP_034814 44 kDa Lamp1 ENSMUSG00000031447 
31543108 NP_034815 46 kDa Lamp2 ENSMUSG00000016534 
21489937 NP_067270 45 kDa Lancl1 ENSMUSG00000026000 
19526936 NP_598498 51 kDa Lancl2 ENSMUSG00000062190 
255069715 NP_077754 56 kDa Lap3 ENSMUSG00000039682 
58037499 NP_084234 22 kDa Lcn12 ENSMUSG00000026943 
110835737 NP_031973 21 kDa Lcn5 ENSMUSG00000026937 
31543113 NP_032905 70 kDa Lcp1 ENSMUSG00000021998 
257743039 NP_001129541 40 kDa Ldha ENSMUSG00000063229 
30425048 NP_780558 42 kDa Ldhal6b  
7305229 NP_038608 36 kDa Ldhc ENSMUSG00000030851 
34328379 NP_081846 52 kDa Ldhd ENSMUSG00000031958 
9789997 NP_062668 83 kDa Letm1 ENSMUSG00000005299 
165905627 NP_766600 54 kDa Letm2 ENSMUSG00000037363 
87239970 NP_034849 88 kDa Lipe ENSMUSG00000003123 
188219561 NP_034850 57 kDa Lipg ENSMUSG00000053846 
229577004 NP_080286 25 kDa Lipt2 ENSMUSG00000030725 
21312570 NP_081676 58 kDa Lman1 ENSMUSG00000041891 
34328278 NP_080104 40 kDa Lman2 ENSMUSG00000021484 
149249090 XP_001475387 12 kDa LOC100045866  
116089322 NP_083058 106 kDa Lonp1 ENSMUSG00000041168 
225543157 NP_848780 66 kDa Lpp ENSMUSG00000033306 
124487372 NP_001074557 519 kDa Lrp2 ENSMUSG00000027070 
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63999380 NP_038615 42 kDa Lrpap1 ENSMUSG00000029103 
134031976 NP_082509 157 kDa Lrpprc ENSMUSG00000024120 
13385762 NP_080529 30 kDa Lrrc18 ENSMUSG00000041673 
110625843 NP_082217 47 kDa Lrrc34 ENSMUSG00000027702 
309262425 XP_911630 139 kDa Lrrc37a ENSMUSG00000078632 
21312844 NP_083320 61 kDa Lrrc48 ENSMUSG00000056598 
227430395 NP_001153081 29 kDa Lrrc57 ENSMUSG00000027286 
19527026 NP_598568 35 kDa Lrrc59 ENSMUSG00000020869 
254675306 NP_083191 115 kDa Lrrcc1 ENSMUSG00000027550 
31560677 NP_032548 78 kDa Ltf ENSMUSG00000032496 
6754580 NP_034868 14 kDa Ly6a ENSMUSG00000075602 
22507343 NP_683741 22 kDa Ly6g5b ENSMUSG00000043807 
54144477 NP_083903 17 kDa Ly6k ENSMUSG00000044678 
33354251 NP_877586 27 kDa Lypd4 ENSMUSG00000062732 
6678760 NP_032892 25 kDa Lypla1 ENSMUSG00000025903 
227496223 NP_666218 26 kDa Lyplal1 ENSMUSG00000039246 
41235733 NP_958746 11 kDa Lyrm4 ENSMUSG00000046573 
13385592 NP_080368 17 kDa Lyzl1 ENSMUSG00000024233 
21312181 NP_081191 16 kDa Lyzl4 ENSMUSG00000032530 
170650601 NP_598908 35 kDa Macrod1 ENSMUSG00000036278 
298676496 NP_080228 42 kDa Magt1 ENSMUSG00000031232 
113195690 NP_034894 115 kDa Man2b1 ENSMUSG00000005142 
30794150 NP_082912 116 kDa Man2c1 ENSMUSG00000032295 
158533990 NP_081564 101 kDa Manba ENSMUSG00000028164 
110625813 NP_083379 20 kDa Manf ENSMUSG00000032575 
255759902 NP_776101 60 kDa Maoa ENSMUSG00000025037 
256773297 NP_081590 31 kDa March5 ENSMUSG00000023307 
71725343 NP_001025185 42 kDa Mcat ENSMUSG00000048755 
186700620 NP_076133 79 kDa Mccc1 ENSMUSG00000027709 
73622267 NP_084302 61 kDa Mccc2 ENSMUSG00000021646 
114205406 NP_034909 27 kDa Mcpt4 ENSMUSG00000061068 
13384966 NP_079819 20 kDa Mcts2 ENSMUSG00000042814 
254540027 NP_032644 37 kDa Mdh1 ENSMUSG00000020321 
31982186 NP_032643 36 kDa Mdh2 ENSMUSG00000019179 
59894788 NP_001012336 15 kDa Mdk ENSMUSG00000027239 
162139827 NP_032641 64 kDa Me1 ENSMUSG00000032418 
21703972 NP_663469 66 kDa Me2 ENSMUSG00000024556 
227116358 NP_079573 40 kDa Mecr ENSMUSG00000028910 
33563290 NP_081610 28 kDa Mettl7a1 ENSMUSG00000054619 
113865977 NP_001038954 47 kDa Mfge8 ENSMUSG00000030605 
261878516 NP_001159723 35 kDa Mgll ENSMUSG00000033174 
13385010 NP_079845 17 kDa Mgst3 ENSMUSG00000026688 
188497650 NP_780612 32 kDa Mlec ENSMUSG00000048578 
88196769 NP_034931 30 kDa Mlf1 ENSMUSG00000048416 
56797739 NP_064350 55 kDa Mlycd ENSMUSG00000074064 
31543255 NP_032630 86 kDa Mme ENSMUSG00000027820 
6678908 NP_032639 60 kDa Mns1 ENSMUSG00000032221 
31981106 NP_065644 92 kDa Mogs ENSMUSG00000030036 
110626066 NP_083388 28 kDa Morn3 ENSMUSG00000029477 
58037413 NP_083585 20 kDa Morn5 ENSMUSG00000026894 
19526848 NP_598445 38 kDa Mosc2 ENSMUSG00000073481 
91206392 NP_080113 47 kDa Mpi ENSMUSG00000032306 
226823250 NP_034954 81 kDa Mpo ENSMUSG00000009350 
244789999 NP_619611 33 kDa Mpst ENSMUSG00000071711 
224967062 NP_032651 165 kDa Mrc1 ENSMUSG00000026712 
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13384980 NP_079829 21 kDa Mrpl11 ENSMUSG00000024902 
22164792 NP_081480 22 kDa Mrpl12 ENSMUSG00000039640 
21312936 NP_081035 21 kDa Mrpl13 ENSMUSG00000022370 
21312028 NP_081008 16 kDa Mrpl14 ENSMUSG00000023939 
262263310 NP_778166 24 kDa Mrpl22 ENSMUSG00000020514 
6755352 NP_035418 17 kDa Mrpl23 ENSMUSG00000037772 
16716447 NP_444391 16 kDa Mrpl27 ENSMUSG00000024414 
113461980 NP_001026978 15 kDa Mrpl41 ENSMUSG00000036850 
12963643 NP_075820 32 kDa Mrpl46 ENSMUSG00000030612 
13385752 NP_080522 19 kDa Mrpl49 ENSMUSG00000007338 
21313040 NP_081020 13 kDa Mrpl53 ENSMUSG00000030037 
21313400 NP_080311 15 kDa Mrpl55 ENSMUSG00000036860 
226246598 NP_898909 19 kDa Mrps10 ENSMUSG00000034729 
260593696 NP_536700 32 kDa Mrps2 ENSMUSG00000035772 
21312752 NP_080698 29 kDa Mrrf ENSMUSG00000026887 
82998267 XP_357051 135 kDa Ms4a14 ENSMUSG00000024671 
31981013 NP_080598 26 kDa Msra ENSMUSG00000054733 
9845273 NP_063933 42 kDa Mtch1 ENSMUSG00000024012 
9790055 NP_062732 33 kDa Mtch2 ENSMUSG00000027282 
34538600 NP_904330 57 kDa mt-Co1 ENSMUSG00000064351 
34538601 NP_904331 26 kDa mt-Co2 ENSMUSG00000064354 
31982233 NP_080278 64 kDa Mtdh ENSMUSG00000022255 
31980939 NP_080719 18 kDa Mtfp1 ENSMUSG00000004748 
283135110 NP_758512 106 kDa Mthfd1l ENSMUSG00000040675 
6678952 NP_032664 38 kDa Mthfd2 ENSMUSG00000005667 
34538598 NP_904328 36 kDa mt-Nd1 ENSMUSG00000064341 
34538607 NP_904337 52 kDa mt-Nd4 ENSMUSG00000064363 
34538608 NP_904338 68 kDa mt-Nd5 ENSMUSG00000064367 
6679961 NP_032124 13 kDa Mtpn ENSMUSG00000029840 
241982740 NP_038632 51 kDa Mtx1 ENSMUSG00000064068 
228480241 NP_058084 30 kDa Mtx2 ENSMUSG00000027099 
148540106 NP_032676 83 kDa Mut ENSMUSG00000023921 
84871978 NP_062634 12 kDa Mycbp ENSMUSG00000028647 
33598964 NP_780469 229 kDa Myh10 ENSMUSG00000020900 
241982716 NP_038635 223 kDa Myh11 ENSMUSG00000018830 
114326446 NP_071855 226 kDa Myh9 ENSMUSG00000022443 
21728376 NP_075891 20 kDa Myl12b ENSMUSG00000034868 
240120042 NP_001155289 132 kDa Myo1b ENSMUSG00000018417 
124494242 NP_001074244 120 kDa Myo1c ENSMUSG00000017774 
118026911 NP_796364 116 kDa Myo1d ENSMUSG00000035441 
111120334 NP_796350 151 kDa Myo3b ENSMUSG00000042064 
261823961 NP_001034635 146 kDa Myo6 ENSMUSG00000033577 
153791796 NP_001093104 233 kDa Myof ENSMUSG00000048612 
168693635 NP_032695 47 kDa Naga ENSMUSG00000022453 
254910995 NP_038820 83 kDa Naglu ENSMUSG00000001751 
13385392 NP_080174 33 kDa Napa ENSMUSG00000006024 
6680552 NP_032463 46 kDa Napsa ENSMUSG00000002204 
224809376 NP_067620 78 kDa Ncstn ENSMUSG00000003458 
13195624 NP_077159 41 kDa Ndufa10 ENSMUSG00000026260 
226437665 NP_081520 15 kDa Ndufa11 ENSMUSG00000002379 
27228985 NP_079827 18 kDa Ndufa12 ENSMUSG00000020022 
12963633 NP_075801 17 kDa Ndufa13 ENSMUSG00000036199 
31981600 NP_035015 11 kDa Ndufa2 ENSMUSG00000014294 
13386100 NP_080890 13 kDa Ndufa5 ENSMUSG00000023089 
13385492 NP_080263 15 kDa Ndufa6 ENSMUSG00000022450 
302 
21312012 NP_080979 20 kDa Ndufa8 ENSMUSG00000026895 
254692859 NP_079634 43 kDa Ndufa9 ENSMUSG00000000399 
188035926 NP_001120818 20 kDa Ndufaf2 ENSMUSG00000068184 
12963603 NP_075736 21 kDa Ndufaf3 ENSMUSG00000070283 
21624617 NP_081018 20 kDa Ndufaf4 ENSMUSG00000028261 
58037109 NP_080960 21 kDa Ndufb10 ENSMUSG00000040048 
158631246 NP_062308 17 kDa Ndufb11 ENSMUSG00000031059 
149266669 XP_001476621 15 kDa Ndufb4 ENSMUSG00000022820 
27754144 NP_079592 22 kDa Ndufb5 ENSMUSG00000027673 
84781779 NP_001028477 16 kDa Ndufb6 ENSMUSG00000071014 
13385322 NP_080119 16 kDa Ndufb7 ENSMUSG00000033938 
13385558 NP_080337 22 kDa Ndufb8 ENSMUSG00000025204 
29789148 NP_075661 22 kDa Ndufb9 ENSMUSG00000022354 
18859597 NP_077182 14 kDa Ndufc2 ENSMUSG00000030647 
229892316 NP_663493 80 kDa Ndufs1 ENSMUSG00000025968 
23346461 NP_694704 53 kDa Ndufs2 ENSMUSG00000013593 
58037117 NP_080964 30 kDa Ndufs3 ENSMUSG00000005510 
281485615 NP_035017 20 kDa Ndufs4 ENSMUSG00000021764 
309265938 XP_003086650 13 kDa Ndufs5 ENSMUSG00000028648 
56711244 NP_035018 13 kDa Ndufs6 ENSMUSG00000021606 
21312950 NP_083548 25 kDa Ndufs7 ENSMUSG00000020153 
46195430 NP_659119 24 kDa Ndufs8 ENSMUSG00000059734 
19526814 NP_598427 51 kDa Ndufv1 ENSMUSG00000037916 
110625954 NP_082664 27 kDa Ndufv2 ENSMUSG00000024099 
161016824 NP_035041 51 kDa Nfs1 ENSMUSG00000027618 
282154801 NP_064429 29 kDa Nfu1 ENSMUSG00000029993 
6679066 NP_032724 33 kDa Nipsnap1 ENSMUSG00000034285 
226442909 NP_082805 28 kDa Nipsnap3a ENSMUSG00000015242 
13385084 NP_079899 28 kDa Nipsnap3b ENSMUSG00000015247 
6754856 NP_036179 36 kDa Nit1 ENSMUSG00000013997 
28077051 NP_083723 80 kDa Nln ENSMUSG00000021710 
255522931 NP_848507 108 kDa Nlrx1 ENSMUSG00000032109 
117606270 NP_001070997 17 kDa Nme2 ENSMUSG00000020857 
110625839 NP_542368 24 kDa Nme5 ENSMUSG00000035984 
229608935 NP_612187 44 kDa Nme7 ENSMUSG00000026575 
31543330 NP_032736 114 kDa Nnt ENSMUSG00000025453 
227908803 NP_694697 133 kDa Nomo1 ENSMUSG00000030835 
12963667 NP_075898 16 kDa Npc2 ENSMUSG00000021242 
31559918 NP_666262 133 kDa Nrd1 ENSMUSG00000053510 
31982437 NP_035071 41 kDa Nsdhl ENSMUSG00000031349 
268370191 NP_081864 65 kDa Nt5c1b ENSMUSG00000020622 
167234411 NP_084036 34 kDa Nubpl ENSMUSG00000035142 
194440700 NP_001123951 50 kDa Nucb2 ENSMUSG00000030659 
13384950 NP_079805 23 kDa Nudt8 ENSMUSG00000024869 
165932389 NP_573490 155 kDa Nup155 ENSMUSG00000022142 
254675162 NP_084213 209 kDa Nup210l ENSMUSG00000027939 
8393866 NP_058674 48 kDa Oat ENSMUSG00000030934 
190844347 NP_058597 28 kDa Oaz3 ENSMUSG00000028141 
12963675 NP_075918 28 kDa Ociad1 ENSMUSG00000029152 
58219050 NP_081226 17 kDa Ociad2 ENSMUSG00000029153 
158341656 NP_032783 28 kDa Odf1 ENSMUSG00000061923 
295054193 NP_001171132 81 kDa Odf2 ENSMUSG00000026790 
295054201 NP_001171133 73 kDa Odf2 ENSMUSG00000026790 
153791370 NP_081295 28 kDa Odf3 ENSMUSG00000025482 
85861164 NP_035086 116 kDa Ogdh ENSMUSG00000020456 
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124487483 NP_001074599 117 kDa Ogdhl ENSMUSG00000021913 
23346557 NP_694762 138 kDa Oplah ENSMUSG00000022562 
18266680 NP_077150 56 kDa Oxct1 ENSMUSG00000022186 
160358827 NP_862907 57 kDa Oxct2b ENSMUSG00000076438 
58037235 NP_081971 49 kDa Oxsm ENSMUSG00000021786 
42415475 NP_035162 57 kDa P4hb ENSMUSG00000025130 
66392180 NP_081308 28 kDa Pacrg ENSMUSG00000037196 
13385012 NP_079847 14 kDa Pam16 ENSMUSG00000014301 
55741460 NP_065594 20 kDa Park7 ENSMUSG00000028964 
128485805 NP_083871 21 kDa Pbp2 ENSMUSG00000047104 
254540162 NP_659093 80 kDa Pcca ENSMUSG00000041650 
13385310 NP_080111 58 kDa Pccb ENSMUSG00000032527 
28077029 NP_083270 73 kDa Pck2 ENSMUSG00000040618 
226530884 NP_032812 30 kDa Pcmt1 ENSMUSG00000019795 
251823978 NP_032823 130 kDa Pcx ENSMUSG00000024892 
13385294 NP_080099 56 kDa Pcyox1 ENSMUSG00000029998 
6755000 NP_035181 22 kDa Pdcd6 ENSMUSG00000021576 
6679261 NP_032836 43 kDa Pdha1 ENSMUSG00000031299 
6679263 NP_032837 43 kDa Pdha2 ENSMUSG00000047674 
18152793 NP_077183 39 kDa Pdhb ENSMUSG00000021748 
28201978 NP_780303 54 kDa Pdhx ENSMUSG00000010914 
112293264 NP_031978 57 kDa Pdia3 ENSMUSG00000027248 
86198316 NP_033917 72 kDa Pdia4 ENSMUSG00000025823 
58037267 NP_082235 49 kDa Pdia6 ENSMUSG00000020571 
226958643 NP_598428 46 kDa Pdk2 ENSMUSG00000038967 
21704122 NP_663605 48 kDa Pdk3 ENSMUSG00000035232 
148277602 NP_001091700 64 kDa Pdp1 ENSMUSG00000049225 
38142488 NP_938050 99 kDa Pdpr ENSMUSG00000033624 
88758582 NP_444411 87 kDa Pdxdc1 ENSMUSG00000022680 
84794552 NP_061346 21 kDa Pebp1 ENSMUSG00000032959 
21735445 NP_081227 27 kDa Pex11c ENSMUSG00000069633 
254553344 NP_067489 85 kDa Pfkm ENSMUSG00000033065 
9790051 NP_062677 85 kDa Pfkp ENSMUSG00000021196 
6755040 NP_035202 15 kDa Pfn1 ENSMUSG00000018293 
21312794 NP_083579 15 kDa Pfn3 ENSMUSG00000044444 
9256624 NP_061358 29 kDa Pgam2 ENSMUSG00000020475 
254587962 NP_001157010 32 kDa Pgam5 ENSMUSG00000029500 
254028203 NP_001156786 105 kDa Pgap1 ENSMUSG00000070889 
148232950 NP_061225 52 kDa Pgcp ENSMUSG00000039007 
226246531 NP_112467 45 kDa Pgk2 ENSMUSG00000031233 
40254507 NP_080230 35 kDa Pgp ENSMUSG00000043445 
31980806 NP_058063 22 kDa Pgrmc1 ENSMUSG00000006373 
6679299 NP_032857 30 kDa Phb ENSMUSG00000038845 
85702063 NP_001028937 29 kDa Phb ENSMUSG00000038845 
126723336 NP_031557 33 kDa Phb2 ENSMUSG00000004264 
23346533 NP_694744 30 kDa Phospho1 ENSMUSG00000050860 
58037409 NP_083569 14 kDa Phpt1 ENSMUSG00000036504 
21699068 NP_660113 117 kDa Pitrm1 ENSMUSG00000021193 
31981562 NP_035229 58 kDa Pkm2 ENSMUSG00000032294 
9790161 NP_062619 81 kDa Pkp1 ENSMUSG00000026413 
124487227 NP_001074876 165 kDa Plb1 ENSMUSG00000029134 
13385274 NP_080082 63 kDa Plbd1 ENSMUSG00000030214 
188497685 NP_808274 168 kDa Plekhh2 ENSMUSG00000040852 
21704120 NP_663604 71 kDa Pls3 ENSMUSG00000016382 
9910570 NP_064322 119 kDa Pmfbp1 ENSMUSG00000031727 
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27502349 NP_775272 58 kDa Pmpca ENSMUSG00000026926 
95113671 NP_082707 55 kDa Pmpcb ENSMUSG00000029017 
25188204 NP_082145 86 kDa Pnpt1 ENSMUSG00000020464 
6679421 NP_032924 77 kDa Por ENSMUSG00000005514 
22203753 NP_666253 38 kDa Ppa2 ENSMUSG00000028013 
45592928 NP_032273 32 kDa Ppap2a ENSMUSG00000021759 
77861908 NP_083198 32 kDa Ppapdc2 ENSMUSG00000040105 
71774133 NP_035279 24 kDa Ppib ENSMUSG00000032383 
21312784 NP_081121 18 kDa Ppil1 ENSMUSG00000024007 
162329596 NP_082706 36 kDa Ppil6 ENSMUSG00000078451 
31980772 NP_038664 37 kDa Ppp1cc ENSMUSG00000004455 
19526858 NP_598450 48 kDa Ppp1r32 ENSMUSG00000035179 
9506983 NP_062284 36 kDa Ppp2ca ENSMUSG00000020349 
77539770 NP_001029257 73 kDa Ppp2r1b ENSMUSG00000032058 
254587947 NP_620087 37 kDa Ppp2r4 ENSMUSG00000039515 
51591899 NP_001004025 21 kDa Ppp3r2 ENSMUSG00000028310 
21312758 NP_077171 35 kDa Ppp6c ENSMUSG00000026753 
121674797 NP_032943 34 kDa Ppt1 ENSMUSG00000028657 
6754976 NP_035164 22 kDa Prdx1 ENSMUSG00000028691 
148747558 NP_035693 22 kDa Prdx2 ENSMUSG00000005161 
6680690 NP_031478 28 kDa Prdx3 ENSMUSG00000024997 
6755114 NP_036151 22 kDa Prdx5 ENSMUSG00000024953 
309266780 XP_003086860 27 kDa Prdx6 ENSMUSG00000026701 
158749640 NP_057912 45 kDa Preb ENSMUSG00000045302 
7110693 NP_032880 41 kDa Prkaca ENSMUSG00000005469 
30794476 NP_068680 43 kDa Prkar1a ENSMUSG00000020612 
22550094 NP_032950 46 kDa Prkar2a ENSMUSG00000032601 
6679465 NP_032951 59 kDa Prkcsh ENSMUSG00000003402 
118601004 NP_035302 68 kDa Prodh ENSMUSG00000003526 
254675296 NP_032961 96 kDa Prom1 ENSMUSG00000029086 
224994182 NP_620089 93 kDa Prom2 ENSMUSG00000027376 
13386146 NP_080938 35 kDa Prps2 ENSMUSG00000025742 
16716569 NP_444473 26 kDa Prss1 ENSMUSG00000062751 
11055972 NP_065233 36 kDa Prss21 ENSMUSG00000024116 
6678293 NP_033381 41 kDa Prss39 ENSMUSG00000026125 
295444814 NP_898926 35 kDa Prss46 ENSMUSG00000049719 
117676359 NP_082801 36 kDa Prss52 ENSMUSG00000021966 
124486704 NP_001074532 36 kDa Prss55 ENSMUSG00000034623 
225735645 NP_035309 61 kDa Psap ENSMUSG00000004207 
33563282 NP_036095 30 kDa Psma1 ENSMUSG00000030751 
134031994 NP_032970 26 kDa Psma2 ENSMUSG00000015671 
261824000 NP_035314 28 kDa Psma3 ENSMUSG00000060073 
6755196 NP_036096 29 kDa Psma4 ENSMUSG00000032301 
7106387 NP_036097 26 kDa Psma5 ENSMUSG00000068749 
6755198 NP_036098 27 kDa Psma6 ENSMUSG00000021024 
7106389 NP_036099 28 kDa Psma7 ENSMUSG00000027566 
254692831 NP_001157081 28 kDa Psma8 ENSMUSG00000036743 
7242197 NP_035315 26 kDa Psmb1 ENSMUSG00000014769 
227116345 NP_036100 23 kDa Psmb2 ENSMUSG00000028837 
6755202 NP_036101 23 kDa Psmb3 ENSMUSG00000069744 
254540082 NP_032971 29 kDa Psmb4 ENSMUSG00000005779 
6755204 NP_035316 29 kDa Psmb5 ENSMUSG00000022193 
238231384 NP_032972 25 kDa Psmb6 ENSMUSG00000018286 
6755206 NP_035317 30 kDa Psmb7 ENSMUSG00000026750 
74315975 NP_081633 106 kDa Psmd1 ENSMUSG00000026229 
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19882201 NP_598862 100 kDa Psmd2 ENSMUSG00000006998 
46049022 NP_079826 46 kDa Psmd6 ENSMUSG00000021737 
9506555 NP_062410 33 kDa Psmg1 ENSMUSG00000022913 
19527372 NP_598899 30 kDa Psmg2 ENSMUSG00000024537 
11967941 NP_071860 17 kDa Ptges ENSMUSG00000050737 
260763900 NP_598544 43 kDa Ptges2 ENSMUSG00000026820 
149255313 XP_001480119 19 kDa Ptges3 ENSMUSG00000071072 
6679537 NP_032995 69 kDa Ptgs1 ENSMUSG00000047250 
23956130 NP_079852 29 kDa Ptpmt1 ENSMUSG00000063235 
149363634 NP_001092280 20 kDa Ptrh2 ENSMUSG00000072582 
19526878 NP_598466 34 kDa Pycr2 ENSMUSG00000026520 
125858598 NP_083287 63 kDa Pyroxd2 ENSMUSG00000060224 
6679587 NP_033022 23 kDa Rab1 ENSMUSG00000020149 
7710086 NP_057885 23 kDa Rab10 ENSMUSG00000020671 
6679583 NP_033023 24 kDa Rab11b ENSMUSG00000077450 
18390323 NP_080973 24 kDa Rab14 ENSMUSG00000026878 
30841008 NP_851415 23 kDa Rab18 ENSMUSG00000073639 
21313162 NP_083852 22 kDa Rab1b ENSMUSG00000024870 
148747177 NP_077756 22 kDa Rab22a ENSMUSG00000027519 
6679591 NP_033026 23 kDa Rab24 ENSMUSG00000034789 
58037191 NP_081571 25 kDa Rab28 ENSMUSG00000029128 
10946940 NP_067493 24 kDa Rab2a ENSMUSG00000047187 
30525051 NP_766189 24 kDa Rab2b ENSMUSG00000022159 
113866024 NP_077776 23 kDa Rab5c ENSMUSG00000019173 
148747526 NP_033031 23 kDa Rab7 ENSMUSG00000079477 
45592934 NP_033033 21 kDa Rac1 ENSMUSG00000001847 
13249349 NP_075635 124 kDa Ranbp17 ENSMUSG00000040594 
10946640 NP_067304 20 kDa Rangrf ENSMUSG00000032892 
21704066 NP_663516 21 kDa Rap1a ENSMUSG00000068798 
19527092 NP_598639 45 kDa Rcc1 ENSMUSG00000028896 
19482172 NP_067532 35 kDa Rdh11 ENSMUSG00000066441 
12963791 NP_076186 36 kDa Rdh14 ENSMUSG00000020621 
157277948 NP_033067 69 kDa Rdx ENSMUSG00000032050 
110625690 NP_075529 72 kDa Recql ENSMUSG00000030243 
21314830 NP_647453 22 kDa Reep6 ENSMUSG00000035504 
27229283 NP_077195 27 kDa Rexo2 ENSMUSG00000032026 
309270526 XP_003085110 145 kDa Rgs22 ENSMUSG00000037627 
31542143 NP_058082 22 kDa Rhoa ENSMUSG00000007815 
13385124 NP_079936 45 kDa Ribc1 ENSMUSG00000025257 
241666436 NP_080633 45 kDa Ribc2 ENSMUSG00000022431 
21313514 NP_079782 14 kDa Riiad1 ENSMUSG00000028139 
268370211 NP_001161290 33 kDa Rnls ENSMUSG00000071573 
13507710 NP_109669 24 kDa Ropn1 ENSMUSG00000022832 
118150641 NP_665851 25 kDa Ropn1l ENSMUSG00000022236 
13385408 NP_080195 20 kDa Rpl11 ENSMUSG00000059291 
13385036 NP_079862 24 kDa Rpl15 ENSMUSG00000012405 
83699424 NP_033103 22 kDa Rpl18 ENSMUSG00000059070 
58037465 NP_084027 21 kDa Rpl18a ENSMUSG00000045128 
309265792 XP_003086606 15 kDa Rpl22 ENSMUSG00000028936 
254553337 NP_001156957 13 kDa Rpl30 ENSMUSG00000058600 
7305443 NP_038749 30 kDa Rpl7a ENSMUSG00000062647 
282398108 NP_598694 69 kDa Rpn1 ENSMUSG00000030062 
34996495 NP_062616 69 kDa Rpn2 ENSMUSG00000027642 
31981100 NP_065625 16 kDa Rps14 ENSMUSG00000024608 
158966704 NP_038675 16 kDa Rps16 ENSMUSG00000037563 
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149267855 XP_001000635 15 kDa Rps24 ENSMUSG00000025290 
13195690 NP_077239 18 kDa Rps27a ENSMUSG00000020460 
6755372 NP_036182 27 kDa Rps3 ENSMUSG00000030744 
6677805 NP_033120 30 kDa Rps4x ENSMUSG00000031320 
224994260 NP_035159 33 kDa Rpsa ENSMUSG00000032518 
13384638 NP_079566 34 kDa Rsph1 ENSMUSG00000024033 
153791341 NP_001077414 45 kDa Rsph3b ENSMUSG00000023806 
227908775 NP_112545 80 kDa Rsph6a ENSMUSG00000040866 
21312974 NP_083614 31 kDa Rsph9 ENSMUSG00000023966 
254675102 NP_001157005 42 kDa Rtdr1 ENSMUSG00000009070 
21886811 NP_058020 11 kDa S100a11 ENSMUSG00000027907 
21312760 NP_080692 14 kDa S100a16 ENSMUSG00000074457 
309262734 XP_912236 70 kDa Samd15 ENSMUSG00000090812 
30519943 NP_848729 52 kDa Samm50 ENSMUSG00000022437 
58037395 NP_083429 38 kDa Scamp1 ENSMUSG00000021687 
12331398 NP_073724 36 kDa Scamp2 ENSMUSG00000040188 
6680878 NP_031670 54 kDa Scarb2 ENSMUSG00000029426 
30520019 NP_848768 47 kDa Sccpdh ENSMUSG00000038936 
45476581 NP_035457 59 kDa Scp2 ENSMUSG00000028603 
11612505 NP_071719 24 kDa Sdf2l1 ENSMUSG00000022769 
54607098 NP_075770 73 kDa Sdha ENSMUSG00000021577 
34328286 NP_075863 32 kDa Sdhb ENSMUSG00000009863 
228008307 NP_079597 18 kDa Sdhc ENSMUSG00000058076 
27229021 NP_080124 17 kDa Sdhd ENSMUSG00000000171 
131889222 NP_001076444 31 kDa Sdr39u1 ENSMUSG00000022223 
9910550 NP_064335 21 kDa Sec11a ENSMUSG00000025724 
8394252 NP_058602 52 kDa Sec61a1 ENSMUSG00000030082 
226442740 NP_001020081 52 kDa Sept10 ENSMUSG00000019917 
21312734 NP_081945 36 kDa Sept12 ENSMUSG00000022542 
6755120 NP_035259 55 kDa Sept4 ENSMUSG00000020486 
28173550 NP_033989 51 kDa Sept7 ENSMUSG00000001833 
6678099 NP_033281 44 kDa Serpine2 ENSMUSG00000026249 
15147224 NP_081600 36 kDa Sfxn1 ENSMUSG00000021474 
16716499 NP_444427 35 kDa Sfxn3 ENSMUSG00000025212 
21312298 NP_082506 56 kDa Shmt2 ENSMUSG00000025403 
226958332 NP_035556 184 kDa Siglec1 ENSMUSG00000027322 
23943838 NP_694790 34 kDa Slc25a1 ENSMUSG00000003528 
254826790 NP_038798 32 kDa Slc25a10 ENSMUSG00000025792 
21312994 NP_077173 34 kDa Slc25a11 ENSMUSG00000014606 
27369581 NP_766024 75 kDa Slc25a12 ENSMUSG00000027010 
294832028 NP_001171043 74 kDa Slc25a13 ENSMUSG00000015112 
10048462 NP_065266 33 kDa Slc25a20 ENSMUSG00000032602 
269784687 NP_766165 33 kDa Slc25a21 ENSMUSG00000035472 
21311845 NP_080922 35 kDa Slc25a22 ENSMUSG00000019082 
149258501 XP_001475977 40 kDa Slc25a3 ENSMUSG00000061904 
254692892 NP_848473 35 kDa Slc25a31 ENSMUSG00000069041 
21312550 NP_082324 33 kDa Slc25a35 ENSMUSG00000018740 
148747424 NP_031476 33 kDa Slc25a4 ENSMUSG00000031633 
158749545 NP_848881 38 kDa Slc25a40 ENSMUSG00000054099 
22094075 NP_031477 33 kDa Slc25a5 ENSMUSG00000016319 
113374154 NP_036108 70 kDa Slc27a2 ENSMUSG00000027359 
261862282 NP_035531 53 kDa Slc2a3 ENSMUSG00000003153 
31543728 NP_062715 55 kDa Slc2a5 ENSMUSG00000028976 
160333206 NP_082336 42 kDa Slc35f2 ENSMUSG00000042195 
6755560 NP_035533 103 kDa Slc4a1 ENSMUSG00000006574 
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258679445 NP_081448 50 kDa Slc52a3 ENSMUSG00000027463 
15011842 NP_032600 21 kDa Smcp ENSMUSG00000074435 
45597447 NP_035564 16 kDa Sod1 ENSMUSG00000022982 
31980762 NP_038699 25 kDa Sod2 ENSMUSG00000006818 
22128627 NP_666238 38 kDa Sord ENSMUSG00000027227 
34610211 NP_064356 91 kDa Sort1 ENSMUSG00000068747 
6755614 NP_035579 17 kDa Spa17 ENSMUSG00000001948 
21312846 NP_080569 33 kDa Spaca1 ENSMUSG00000028264 
110626054 NP_083643 18 kDa Spaca3 ENSMUSG00000053184 
228480264 NP_081331 13 kDa Spaca4 ENSMUSG00000070563 
145966885 NP_001078862 18 kDa Spaca5 ENSMUSG00000037167 
7657607 NP_056588 55 kDa Spag6 ENSMUSG00000022783 
55925585 NP_001007464 44 kDa Spag8 ENSMUSG00000066196 
120407035 NP_001073344 58 kDa Spam1 ENSMUSG00000029682 
226442916 NP_848474 60 kDa Spata18 ENSMUSG00000029155 
19526759 NP_083575 18 kDa Spata19 ENSMUSG00000031991 
46485467 NP_659076 88 kDa Spata20 ENSMUSG00000020867 
110347525 NP_080746 56 kDa Spata6 ENSMUSG00000034401 
58037363 NP_083128 51 kDa Spatc1 ENSMUSG00000049653 
13385134 NP_079944 25 kDa Spcs2 ENSMUSG00000035227 
125988403 NP_083977 20 kDa Spcs3 ENSMUSG00000054408 
13385180 NP_079997 45 kDa Spesp1 ENSMUSG00000046846 
148539988 NP_694816 86 kDa Spg7 ENSMUSG00000000738 
34304087 NP_899107 10 kDa Spink2 ENSMUSG00000053030 
33942057 NP_084334 18 kDa Spint4 ENSMUSG00000017310 
19526481 NP_035595 280 kDa Spna1 ENSMUSG00000026532 
115496850 NP_001070022 285 kDa Spna2 ENSMUSG00000057738 
84490394 NP_038703 268 kDa Spnb1 ENSMUSG00000021061 
117938332 NP_787030 274 kDa Spnb2 ENSMUSG00000020315 
58037095 NP_079992 23 kDa Spryd4 ENSMUSG00000051346 
244790045 NP_067482 50 kDa Sqrdl ENSMUSG00000005803 
6678137 NP_033301 30 kDa Srprb ENSMUSG00000032553 
47059026 NP_997633 17 kDa Ssbp1 ENSMUSG00000029911 
165377206 NP_080241 32 kDa Ssr1 ENSMUSG00000021427 
262050625 NP_001159952 19 kDa Ssr4 ENSMUSG00000002014 
21312812 NP_083295 26 kDa Stard6 ENSMUSG00000079608 
7710018 NP_038543 31 kDa Stom ENSMUSG00000026880 
12963591 NP_075720 38 kDa Stoml2 ENSMUSG00000028455 
61651673 NP_077184 93 kDa Stt3b ENSMUSG00000032437 
46849708 NP_035636 50 kDa Sucla2 ENSMUSG00000022110 
255958286 NP_063932 36 kDa Suclg1 ENSMUSG00000052738 
165972309 NP_035637 47 kDa Suclg2 ENSMUSG00000061838 
32261334 NP_083875 40 kDa Sun5 ENSMUSG00000027480 
74024924 NP_776094 61 kDa Suox ENSMUSG00000049858 
160707899 NP_038705 35 kDa Surf1 ENSMUSG00000015790 
6755698 NP_035642 30 kDa Surf4 ENSMUSG00000014867 
226958374 NP_038663 29 kDa Sypl ENSMUSG00000020570 
227496381 NP_001153112 44 kDa Tasp1 ENSMUSG00000039033 
31543845 NP_038791 50 kDa Tbl2 ENSMUSG00000005374 
13385800 NP_080581 13 kDa Tceb2 ENSMUSG00000055839 
110625624 NP_038714 60 kDa Tcp1 ENSMUSG00000068039 
130497908 NP_033367 49 kDa Tcp10b ENSMUSG00000055602 
148277067 NP_038715 62 kDa Tcp11 ENSMUSG00000062859 
124430564 NP_038716 56 kDa Tcte1 ENSMUSG00000023949 
117956379 NP_035699 49 kDa Tekt1 ENSMUSG00000020799 
308 
148225693 NP_036032 50 kDa Tekt2 ENSMUSG00000028845 
62078759 NP_081936 57 kDa Tekt3 ENSMUSG00000042189 
110625871 NP_082227 52 kDa Tekt4 ENSMUSG00000024175 
149944431 NP_001092745 48 kDa Tekt5 ENSMUSG00000039179 
40804746 NP_955534 25 kDa Tepp ENSMUSG00000090206 
9910582 NP_064365 27 kDa Tex101 ENSMUSG00000062773 
125347370 NP_080745 43 kDa Tex13a ENSMUSG00000071686 
6678303 NP_033386 28 kDa Tfam ENSMUSG00000003923 
239787887 NP_064368 90 kDa Tgm1 ENSMUSG00000022218 
33859638 NP_035713 43 kDa Theg ENSMUSG00000020317 
110626050 NP_083707 26 kDa Them4 ENSMUSG00000028145 
29243946 NP_808256 83 kDa Thnsl1 ENSMUSG00000048550 
33468937 NP_035721 18 kDa Timm17b ENSMUSG00000031158 
254675168 NP_058593 22 kDa Timm23 ENSMUSG00000013701 
170763467 NP_035722 51 kDa Timm44 ENSMUSG00000002949 
22094989 NP_079892 40 kDa Timm50 ENSMUSG00000003438 
188528894 NP_542123 75 kDa Tm9sf2 ENSMUSG00000025544 
21312062 NP_081051 25 kDa Tmed10 ENSMUSG00000021248 
281427153 NP_079636 25 kDa Tmed3 ENSMUSG00000032353 
145966911 NP_080487 27 kDa Tmed9 ENSMUSG00000058569 
27734998 NP_775655 21 kDa Tmem11 ENSMUSG00000043284 
13384870 NP_079736 22 kDa Tmem126a ENSMUSG00000030615 
13384766 NP_079663 12 kDa Tmem14c ENSMUSG00000021361 
254675164 NP_084304 18 kDa Tmem190 ENSMUSG00000013091 
21312532 NP_082329 33 kDa Tmem38b ENSMUSG00000028420 
21312110 NP_081113 32 kDa Tmem53 ENSMUSG00000048772 
70778812 NP_780421 25 kDa Tmem65 ENSMUSG00000062373 
20270297 NP_620097 50 kDa Tmlhe ENSMUSG00000079834 
33859722 NP_082615 31 kDa Tmx1 ENSMUSG00000021072 
31982091 NP_766197 16 kDa Tomm22 ENSMUSG00000022427 
13385500 NP_080272 34 kDa Tomm34 ENSMUSG00000018322 
157909797 NP_058567 38 kDa Tomm40 ENSMUSG00000002984 
226958349 NP_033441 32 kDa Tpi1 ENSMUSG00000023456 
6753448 NP_034036 61 kDa Tpp1 ENSMUSG00000030894 
6678419 NP_033444 140 kDa Tpp2 ENSMUSG00000041763 
130496076 NP_034911 31 kDa Tpsb2 ENSMUSG00000033825 
13385998 NP_080784 80 kDa Trap1 ENSMUSG00000005981 
66730565 NP_001019377 17 kDa Trappc1 ENSMUSG00000049299 
10946914 NP_067477 16 kDa Trappc2l ENSMUSG00000015013 
11140825 NP_068561 24 kDa Trappc4 ENSMUSG00000032112 
20330802 NP_598738 77 kDa Trf ENSMUSG00000032554 
116174784 NP_084495 83 kDa Trim42 ENSMUSG00000032451 
84781771 NP_001034085 26 kDa Try10 ENSMUSG00000071521 
46402207 NP_997111 81 kDa Tsga10 ENSMUSG00000060771 
31560378 NP_062630 27 kDa Tspan6 ENSMUSG00000067377 
112734851 NP_033461 42 kDa Tssk1 ENSMUSG00000041566 
14030781 NP_114393 30 kDa Tssk6 ENSMUSG00000047654 
254692940 NP_083974 128 kDa Ttc18 ENSMUSG00000039543 
225543311 NP_083011 149 kDa Ttc21a ENSMUSG00000032514 
124358957 NP_083194 72 kDa Ttc25 ENSMUSG00000006784 
268839833 NP_898919 54 kDa Ttc29 ENSMUSG00000037101 
254588114 NP_080627 70 kDa Ttc39d ENSMUSG00000046196 
6755901 NP_035783 50 kDa Tuba1a ENSMUSG00000072235 
6678465 NP_033472 50 kDa Tuba3a ENSMUSG00000067702 
31981939 NP_033477 50 kDa Tubb4a ENSMUSG00000062591 
309 
22165384 NP_666228 50 kDa Tubb4b ENSMUSG00000036752 
7106439 NP_035785 50 kDa Tubb5 ENSMUSG00000001525 
27370092 NP_766333 50 kDa Tufm ENSMUSG00000073838 
27501462 NP_766185 92 kDa Txndc16 ENSMUSG00000021830 
167000069 NP_853622 67 kDa Txndc3 ENSMUSG00000041138 
83921612 NP_663342 46 kDa Txndc5 ENSMUSG00000038991 
102468565 NP_038739 57 kDa Txnrd2 ENSMUSG00000075704 
209862989 NP_001129557 118 kDa Uba1 ENSMUSG00000001924 
13384718 NP_079632 17 kDa Ube2d3 ENSMUSG00000078578 
31980960 NP_062532 35 kDa Ube2j1 ENSMUSG00000028277 
13277354 NP_077752 50 kDa Ubxn6 ENSMUSG00000019578 
236466498 NP_942602 176 kDa Uggt1 ENSMUSG00000037470 
213512915 NP_061376 34 kDa Uqcc ENSMUSG00000005882 
13385726 NP_080495 14 kDa Uqcrb ENSMUSG00000021520 
46593021 NP_079683 53 kDa Uqcrc1 ENSMUSG00000025651 
22267442 NP_080175 48 kDa Uqcrc2 ENSMUSG00000030884 
13385168 NP_079986 29 kDa Uqcrfs1 ENSMUSG00000038462 
21539585 NP_079628 10 kDa Uqcrq ENSMUSG00000044894 
309265053 XP_003086413 6 kDa Usmg5 ENSMUSG00000071528 
154146209 NP_001003918 128 kDa Usp7 ENSMUSG00000022710 
6678553 NP_033524 11 kDa Vamp3 ENSMUSG00000028955 
94721328 NP_038961 28 kDa Vapa ENSMUSG00000024091 
225543319 NP_033529 89 kDa Vcp ENSMUSG00000028452 
6755963 NP_035824 31 kDa Vdac1 ENSMUSG00000020402 
6755965 NP_035825 32 kDa Vdac2 ENSMUSG00000021771 
6755967 NP_035826 31 kDa Vdac3 ENSMUSG00000008892 
31982755 NP_035831 54 kDa Vim ENSMUSG00000026728 
30519915 NP_848715 18 kDa Vkorc1 ENSMUSG00000030804 
66392160 NP_766616 359 kDa Vps13a ENSMUSG00000046230 
122114537 NP_796158 420 kDa Vps13c ENSMUSG00000035284 
25092662 NP_081052 21 kDa Vps25 ENSMUSG00000078656 
134053952 NP_082239 68 kDa Wdr16 ENSMUSG00000020904 
58037455 NP_083963 33 kDa Wdr38 ENSMUSG00000035295 
256818776 NP_001028419 212 kDa Wdr52 ENSMUSG00000071550 
197927139 NP_766452 106 kDa Wdr63 ENSMUSG00000043020 
268370090 NP_083729 124 kDa Wdr64 ENSMUSG00000026523 
260064069 NP_081065 145 kDa Wdr65 ENSMUSG00000028730 
309271772 XP_485681 122 kDa Wdr66 ENSMUSG00000029442 
87196519 NP_001034590 14 kDa Wfdc10 ENSMUSG00000070529 
113930767 NP_001039019 9 kDa Wfdc15b ENSMUSG00000018211 
157951602 NP_001012741 13 kDa Wfdc16 ENSMUSG00000070530 
237649068 NP_001012743 17 kDa Wfdc6b ENSMUSG00000070531 
28893421 NP_796284 43 kDa Xpnpep3 ENSMUSG00000022401 
12746422 NP_075532 124 kDa Xpo7 ENSMUSG00000022100 
226874906 NP_033562 29 kDa Ywhae ENSMUSG00000020849 
309262630 XP_003085850 28 kDa Ywhaq ENSMUSG00000076432 
6756041 NP_035870 28 kDa Ywhaz ENSMUSG00000022285 
225543354 NP_001014900 41 kDa Zmynd12 ENSMUSG00000070806 
229577240 NP_033607 65 kDa Zp3r ENSMUSG00000042554 




Supplemental Table 2.2. Proteins added and removed from mouse sperm during 




Added to Corpus Removed from 
Corpus 
Added to Cauda 
NP_001170873 NP_079639 NP_079595 NP_083561 
NP_082181 NP_081014 NP_079639 NP_083574 
NP_083561 NP_001157213 NP_899098 NP_083101 
NP_079881 NP_001078854 NP_001157213 NP_081332 
NP_083629 NP_001165562 NP_001161239 NP_001170908 
NP_084117 NP_082432 NP_001078854 NP_083874 
NP_001138464 NP_001165111 NP_001165562 NP_082242 
NP_081740 NP_001074744 NP_081234 NP_082246 
NP_938038 NP_083863 NP_081366 NP_079779 
NP_766294 NP_081353 NP_082253 NP_083127 
NP_001074650 NP_080484 NP_898911 NP_083956 
NP_766549 NP_083611 NP_082887 NP_796253 
NP_001074588 NP_080464 NP_079858 NP_001034646 
NP_083907 NP_080245 NP_001035486 NP_001014836 
NP_061281 NP_082770 NP_598510 NP_780726 
NP_848914 NP_080375 NP_081879 NP_083330 
NP_573503 NP_081234 NP_783606 XP_003086211 
NP_659181 NP_081636 NP_080635 XP_994223 
NP_031425 NP_081366 NP_083260 NP_001155245 
NP_001041640 NP_694792 NP_663423 NP_080576 
NP_081068 NP_079858 NP_084236 NP_081365 
NP_035913 NP_081840 XP_924177 NP_081740 
NP_067490 NP_081879 NP_808430 NP_001074650 
NP_001170909 NP_084135 NP_038958 NP_899004 
NP_079814 NP_082945 NP_031405 NP_848914 
NP_031457 XP_128114 NP_038883 NP_899105 
NP_067396 NP_783606 NP_062425 NP_082789 
NP_598740 NP_080567 NP_033722 NP_742123 
NP_033804 NP_080635 NP_083876 NP_033750 
NP_033809 NP_808344 NP_848707 NP_001009545 
NP_033822 NP_808379 NP_579938 NP_766463 
NP_083978 NP_766467 NP_033364 NP_067490 
NP_666236 NP_001077359 NP_001095906 NP_001028957 
NP_084342 NP_808469 NP_031412 XP_003086838 
NP_082146 NP_766489 NP_766168 NP_660258 
NP_083817 NP_083260 NP_722502 NP_067396 
NP_062691 NP_663423 NP_082252 NP_062692 
NP_573487 XP_924177 NP_542142 NP_083966 
NP_778190 NP_808430 NP_001136276 NP_083817 
NP_035726 NP_038883 NP_598917 NP_001001185 
NP_056546 NP_084237 NP_076224 NP_001004192 
NP_536693 NP_083876 NP_700446 NP_808453 
NP_082015 NP_579938 NP_001156762 NP_954601 
NP_032107 NP_033364 NP_598531 NP_808518 
NP_071641 NP_001095906 NP_766548 NP_001074507 
NP_062778 NP_031412 NP_031436 NP_663447 
NP_808518 NP_766168 NP_780445 NP_083990 
NP_001028590 NP_067305 NP_001005419 NP_001028415 
NP_663447 NP_001034203 NP_001156851 NP_001036180 
NP_443719 NP_659072 NP_766254 NP_001028632 
311 
NP_067525 NP_598917 NP_759013 NP_001156451 
NP_001104313 NP_076224 NP_001171073 NP_862906 
NP_083778 NP_079697 NP_067448 NP_766175 
NP_950239 NP_033749 NP_033785 NP_085104 
NP_663373 NP_700446 NP_064382 NP_036131 
NP_080285 NP_031427 NP_079718 NP_598566 
NP_031683 NP_766548 NP_032563 NP_033446 
NP_034033 NP_031436 NP_733924 NP_001038990 
NP_001073853 NP_473411 NP_570959 NP_080827 
NP_038609 NP_759013 NP_038499 NP_034160 
NP_084022 NP_001029046 NP_033803 NP_067397 
NP_796355 XP_003085720 NP_001103681 NP_001099137 
NP_598734 NP_733924 NP_031480 NP_082483 
NP_080501 NP_783598 NP_033807 NP_001074515 
NP_848808 NP_570959 NP_001070732 NP_034709 
NP_035056 NP_032512 NP_031485 NP_075969 
NP_031780 NP_766396 NP_082191 NP_083345 
NP_031783 NP_081487 NP_033826 NP_080126 
NP_001033581 NP_001103681 NP_666097 NP_062268 
NP_067256 NP_031480 NP_031505 NP_796015 
NP_543027 NP_001070732 NP_598557 NP_001013826 
NP_080827 NP_941015 NP_080135 NP_080562 
NP_081718 NP_033826 NP_062696 NP_061343 
NP_001034214 NP_033828 NP_081099 NP_659035 
NP_031865 NP_001078964 NP_083116 NP_510963 
NP_001099137 NP_062639 NP_080828 NP_077792 
NP_081223 NP_081099 NP_083085 NP_001028427 
NP_598527 NP_083116 NP_258435 NP_001139109 
NP_080450 NP_001074552 NP_075553 XP_989934 
NP_031673 NP_001074862 NP_080763 NP_001028517 
NP_659097 NP_080828 NP_849534 NP_001030036 
NP_080460 NP_083085 NP_001156977 NP_941030 
NP_083007 NP_258435 NP_056619 XP_998931 
NP_067363 NP_081303 NP_033851 XP_354560 
NP_075969 NP_056619 NP_080758 NP_444340 
NP_001093586 NP_001158084 NP_796210 NP_032186 
XP_001474238 NP_796210 NP_058035 NP_034488 
NP_084345 NP_033859 NP_058616 NP_032209 
NP_001028308 NP_476512 NP_033859 NP_034491 
NP_081655 NP_001007592 NP_780615 NP_083748 
NP_077236 NP_001157327 NP_076210 NP_034493 
NP_035941 NP_001001334 NP_031536 NP_080384 
NP_032023 NP_056555 NP_077135 NP_780666 
NP_775606 NP_081251 NP_033856 NP_001119959 
NP_001013826 NP_001035883 NP_663402 NP_064418 
NP_032053 NP_031615 NP_057918 NP_056602 
NP_032054 NP_082270 NP_077218 NP_705799 
NP_034366 NP_031624 NP_031553 NP_058561 
NP_032077 NP_033927 NP_659081 NP_062510 
NP_034372 NP_033931 NP_001028456 NP_663335 
NP_058589 NP_031633 NP_001157327 NP_034345 
NP_001028588 NP_077210 NP_033867 NP_083684 
NP_598950 NP_766611 NP_954665 NP_001156999 
NP_082140 NP_766635 NP_033869 NP_083593 
NP_056552 NP_001034584 NP_056555 NP_082105 
312 
NP_080237 NP_083224 NP_081251 NP_080003 
NP_849261 NP_077163 NP_780486 NP_666175 
NP_001159537 NP_083471 NP_076014 NP_058575 
NP_034418 NP_001156739 NP_908942 NP_598498 
NP_201577 NP_082248 NP_031624 NP_032905 
NP_083902 NP_080498 NP_033927 NP_766600 
NP_001170980 NP_780639 NP_031630 NP_034850 
XP_001476570 NP_808447 NP_033931 NP_080286 
NP_001028631 NP_899130 NP_851832 XP_001475387 
NP_001161145 NP_033966 NP_077210 NP_082217 
XP_001478548 NP_033967 NP_031642 NP_001153081 
NP_001034333 NP_031664 NP_766635 NP_034868 
NP_034433 NP_033970 NP_001028431 NP_083903 
NP_034436 NP_941023 NP_077163 NP_032892 
NP_001070975 NP_034908 NP_079965 NP_001012336 
NP_001074437 NP_034146 NP_033970 NP_032641 
NP_061218 NP_082724 NP_034711 NP_032639 
NP_065610 NP_444430 NP_598421 NP_083388 
NP_780402 NP_598421 NP_079642 NP_080113 
NP_849214 NP_079642 NP_001136153 NP_034954 
NP_083252 NP_001078967 NP_001078967 NP_079829 
NP_081628 NP_598768 NP_036000 NP_080698 
NP_058090 NP_034027 NP_780660 XP_357051 
NP_032176 NP_663518 NP_663518 NP_080598 
NP_780589 NP_034032 NP_034032 NP_032124 
NP_001073326 NP_254279 NP_058583 NP_001120818 
NP_032186 NP_081361 NP_038913 NP_081018 
NP_077160 NP_038913 NP_766209 NP_082664 
NP_081403 NP_766209 NP_001038985 NP_064429 
NP_034488 NP_001038985 NP_062623 NP_082805 
NP_032209 NP_666159 NP_666159 NP_542368 
NP_080948 NP_694804 NP_083832 NP_065594 
NP_038569 NP_848727 NP_694804 NP_083871 
NP_034493 NP_082172 NP_082341 NP_032812 
NP_001076798 NP_666119 NP_848727 NP_035181 
NP_032219 XP_003086227 NP_082172 NP_001091700 
NP_034506 NP_001096077 XP_003086227 NP_081227 
NP_032223 NP_001074509 NP_001096077 NP_080230 
NP_077759 NP_031773 NP_031770 NP_058063 
NP_064359 NP_899665 NP_203534 NP_694744 
NP_542367 NP_031778 NP_067513 NP_083569 
NP_083371 NP_033768 NP_059506 NP_080082 
NP_056602 NP_076222 NP_062791 NP_808274 
NP_057886 NP_666199 NP_001074509 NP_064322 
NP_035958 NP_031814 NP_766275 NP_081121 
NP_705799 NP_031819 NP_080780 NP_598450 
NP_084477 NP_063914 NP_766170 NP_620087 
NP_663335 NP_057925 NP_080728 XP_003086860 
NP_081987 NP_079806 NP_659123 NP_032970 
NP_082283 NP_851840 NP_031778 NP_035315 
NP_064307 NP_034119 NP_038523 NP_032971 
NP_082105 NP_035500 NP_083996 NP_035317 
NP_997610 NP_031835 NP_076222 NP_033026 
NP_067259 NP_758510 NP_034098 NP_081571 
NP_034791 NP_080869 NP_084335 NP_766189 
313 
NP_034792 NP_663471 NP_034106 NP_598639 
NP_032501 NP_082222 NP_031819 NP_647453 
NP_149064 NP_056550 NP_001158725 NP_077195 
NP_058575 NP_034157 NP_033948 XP_003085110 
NP_032517 NP_631967 NP_001159374 NP_079936 
NP_808508 NP_660139 NP_001078919 NP_079782 
NP_149157 NP_001002791 NP_063914 NP_665851 
NP_032905 NP_001033022 NP_941004 NP_058020 
NP_032518 NP_001001444 NP_082333 NP_080692 
NP_666187 XP_911967 NP_034119 XP_912236 
NP_080286 XP_003086233 NP_035500 NP_071719 
NP_001013392 NP_780347 NP_031835 NP_080124 
NP_001104572 NP_705755 NP_796214 NP_001020081 
NP_034851 NP_001033029 NP_849213 NP_033281 
NP_766415 XP_003084767 NP_080869 NP_035579 
XP_003086957 NP_079638 NP_034148 NP_081331 
NP_001139520 NP_058055 NP_075370 NP_001007464 
NP_032546 NP_083097 NP_034152 NP_083977 
NP_032892 NP_001034609 NP_082222 NP_899107 
NP_034879 NP_080358 NP_056550 NP_083875 
NP_034893 NP_766508 NP_080448 NP_038715 
NP_001025154 NP_034085 NP_001002791 NP_038716 
NP_032576 NP_082844 NP_001033022 NP_955534 
NP_598861 NP_062656 NP_001001444 NP_080745 
NP_666147 NP_083573 NP_079798 NP_082329 
NP_666038 XP_001475667 NP_001028498 NP_068561 
NP_084232 NP_808524 NP_579925 NP_084495 
NP_064426 NP_031924 NP_075721 NP_062630 
NP_081685 NP_001034733 NP_032955 NP_083974 
NP_036030 NP_075729 NP_079638 NP_080627 
NP_079829 NP_080283 NP_058055 NP_079632 
NP_083293 NP_084222 NP_001034609 NP_062532 
NP_084392 NP_766085 NP_080358 NP_077752 
NP_077136 NP_082250 NP_034085 NP_061376 
NP_997090 NP_694708 NP_067444 NP_001003918 
NP_079581 NP_080390 NP_808524 NP_035831 
NP_080698 NP_034253 NP_080416 NP_848715 
NP_080598 NP_663355 NP_080131 NP_081052 
NP_705819 NP_666053 NP_081004 NP_001028419 
NP_081982 NP_001160061 NP_077170 NP_766452 
NP_032332 NP_075968 NP_036159 NP_083729 
NP_035016 NP_034460 NP_001034733 XP_485681 
NP_001120818 NP_031957 NP_075729 NP_075532 
NP_081018 NP_082004 NP_694708 NP_001014900 
NP_082664 NP_038541 NP_080390 NP_033607 
NP_064429 NP_084011 NP_034253  
NP_082805 NP_001003817 NP_666053  
NP_032766 NP_080444 NP_075968  
NP_082418 NP_663477 NP_031957  
NP_080280 NP_001074682 NP_032839  
NP_081565 NP_001074565 NP_114392  
NP_780540 NP_620082 NP_033979  
NP_001157134 NP_899095 NP_742115  
NP_080617 NP_079787 NP_906273  
NP_808282 NP_001103229 NP_032558  
314 
NP_766496 NP_032019 NP_034275  
NP_598641 NP_032022 NP_031966  
NP_080215 NP_862897 NP_084011  
NP_065594 NP_598623 NP_001003817  
NP_766420 NP_034341 NP_080446  
XP_003085845 NP_034344 NP_080444  
NP_035198 NP_061369 NP_079792  
NP_081227 NP_084500 NP_080021  
NP_598786 NP_001017983 NP_663477  
NP_062755 NP_035486 NP_001074682  
NP_064345 NP_082334 NP_056589  
NP_058063 NP_062375 NP_035973  
NP_081834 NP_032070 NP_075643  
NP_034856 NP_032090 NP_666206  
NP_796272 NP_776100 NP_062673  
NP_835180 NP_001070879 NP_848484  
NP_853557 NP_032155 NP_620082  
NP_536711 NP_001106794 NP_663388  
NP_080927 XP_001480681 NP_079787  
NP_899131 NP_080499 NP_079749  
NP_766594 NP_081726 NP_613053  
NP_082276 NP_082695 NP_608219  
NP_613068 XP_001473856 NP_032022  
NP_058044 XP_003086015 NP_001104518  
XP_003086860 XP_911595 NP_598623  
NP_032970 NP_034072 NP_034341  
NP_035315 NP_001035144 NP_077131  
NP_067320 XP_001480687 NP_034353  
NP_033020 NP_034429 NP_061369  
NP_659044 XP_001477052 NP_001017983  
NP_001074523 XP_001478531 NP_035486  
NP_077774 XP_112098 NP_034370  
NP_033026 NP_001094954 NP_082334  
NP_058554 NP_001078968 NP_080402  
NP_937806 XP_001004846 NP_062375  
NP_083667 NP_001034329 NP_032070  
NP_080163 NP_001092777 NP_032088  
NP_803130 NP_032181 NP_032090  
NP_062747 NP_032182 NP_057931  
NP_071722 NP_034474 NP_038842  
NP_077777 NP_032213 NP_766281  
NP_084293 NP_694756 NP_644678  
NP_077195 NP_079608 NP_653332  
NP_062773 NP_996988 NP_776100  
NP_001028307 NP_080903 NP_001070879  
XP_001476701 NP_034566 NP_081651  
NP_084064 NP_034543 NP_766307  
NP_061200 NP_084102 NP_062526  
NP_033127 NP_598569 NP_032138  
NP_444306 NP_062788 NP_613057  
NP_058020 NP_032274 NP_080499  
NP_084101 NP_659507 NP_081726  
NP_001108132 NP_001104752 NP_080305  
NP_071719 NP_032313 NP_001074550  
NP_080124 NP_598704 XP_001473856  
315 
NP_083001 NP_034610 XP_001480687  
NP_033955 NP_034608 NP_034429  
NP_033189 NP_035150 XP_001477595  
NP_109675 NP_077134 XP_001478531  
NP_038693 NP_062726 NP_001157778  
NP_898984 NP_083233 NP_001092777  
NP_033225 NP_766504 NP_001030043  
NP_766273 NP_079654 NP_034431  
NP_598915 NP_444352 NP_032164  
NP_036107 NP_061352 NP_032165  
NP_075023 NP_852658 NP_001153488  
NP_848766 NP_080366 NP_032169  
NP_056543 NP_083576 NP_079554  
NP_036025 NP_766123 NP_038775  
NP_511039 NP_065608 NP_084311  
NP_808434 NP_038593 NP_001030294  
NP_032089 NP_034715 NP_079949  
NP_766067 NP_542120 NP_080148  
NP_033083 NP_032474 NP_062624  
NP_035534 NP_032405 NP_032175  
NP_796188 NP_997650 NP_034401  
NP_001034652 NP_109642 NP_032182  
NP_083977 NP_032508 NP_666232  
NP_033295 NP_032509 NP_034474  
NP_033203 NP_034813 NP_694756  
NP_033205 NP_034815 NP_079608  
NP_033206 NP_112538 NP_997609  
NP_035503 NP_064304 NP_996988  
NP_038785 NP_067270 NP_084214  
NP_035660 NP_598898 NP_001152985  
NP_839975 NP_084065 NP_034510  
NP_033400 NP_084234 NP_775547  
NP_038923 NP_034849 NP_032248  
NP_083056 XP_003085225 NP_034543  
NP_598781 NP_660112 NP_084102  
NP_083152 NP_848780 NP_598569  
NP_062678 NP_001071156 NP_034551  
NP_082619 NP_080529 NP_659507  
NP_083251 XP_911630 NP_032282  
NP_001028443 NP_083320 NP_079555  
NP_776095 NP_083191 NP_080428  
NP_001074580 NP_032548 NP_034606  
XP_003086812 NP_958746 NP_598704  
NP_001103483 NP_080368 NP_780394  
NP_080144 NP_081191 NP_034608  
NP_001041732 NP_081359 NP_062726  
NP_075630 NP_766491 NP_034544  
NP_079758 NP_034894 NP_080623  
NP_598541 NP_082912 NP_112419  
NP_033445 NP_081564 NP_079654  
NP_001074524 NP_659137 NP_776112  
NP_079977 NP_079819 NP_808398  
NP_084333 NP_084066 NP_852658  
NP_082722 NP_081712 NP_766123  
NP_033463 NP_034931 NP_032352  
316 
NP_033474 NP_666346 NP_038593  
NP_619609 NP_083585 NP_032428  
NP_035803 NP_898993 NP_034708  
NP_001074721 NP_079577 NP_034715  
NP_659545 NP_080586 NP_542120  
NP_061376 NP_444394 NP_032474  
NP_932096 NP_942128 NP_032405  
NP_001028374 NP_081127 NP_034794  
NP_058076 NP_081020 NP_032497  
NP_848715 NP_080311 NP_034796  
NP_035846 NP_898909 NP_997650  
NP_062519 NP_079750 NP_579935  
NP_080829 NP_079716 NP_109642  
NP_084163 NP_081044 NP_663356  
NP_666202 NP_080154 NP_032508  
NP_766142 NP_510964 NP_032509  
NP_081193 NP_080356 NP_034813  
NP_036169 NP_065585 NP_112538  
 NP_079645 NP_064304  
 NP_536704 NP_598898  
 NP_080719 NP_694808  
 NP_904328 NP_084065  
 NP_001156417 NP_766444  
 NP_062634 NP_001074540  
 NP_001074914 NP_598854  
 NP_058661 NP_035280  
 NP_077182 NP_077791  
 NP_035018 XP_003085225  
 NP_075364 NP_080103  
 NP_036179 NP_660112  
 NP_032746 NP_001071156  
 NP_032732 NP_032538  
 NP_666262 NP_666118  
 NP_001171133 NP_081359  
 NP_941075 NP_032574  
 NP_694762 NP_766491  
 NP_035995 NP_766366  
 NP_001158149 NP_659137  
 NP_080717 NP_001009949  
 NP_001035866 NP_075892  
 NP_067489 NP_084066  
 NP_083579 NP_077162  
 NP_061358 NP_064330  
 NP_112467 NP_796363  
 NP_079672 NP_081712  
 NP_001028937 NP_598584  
 NP_062614 NP_666346  
 NP_001074876 NP_084006  
 NP_080112 NP_898993  
 NP_058577 NP_444388  
 NP_001034598 NP_080430  
 NP_032273 NP_001171129  
 NP_082706 NP_079577  
 NP_001029257 NP_080586  
 NP_001004025 NP_080766  
317 
 NP_077171 NP_079578  
 NP_032880 NP_079846  
 NP_001157672 NP_758456  
 NP_068680 NP_077189  
 NP_033381 NP_444389  
 NP_694812 NP_081374  
 NP_898926 NP_083547  
 NP_082801 NP_079776  
 XP_001478041 NP_077139  
 NP_032969 NP_059100  
 NP_036095 NP_075656  
 NP_035314 NP_444394  
 NP_036096 NP_001074679  
 NP_036098 NP_080203  
 NP_036099 NP_942128  
 NP_035316 NP_848718  
 NP_032972 NP_081127  
 NP_081633 NP_080774  
 NP_598862 NP_079750  
 NP_079826 NP_079820  
 NP_034947 NP_079716  
 NP_035319 NP_079726  
 NP_035320 NP_081044  
 NP_598774 NP_080154  
 NP_062410 NP_510964  
 NP_598899 NP_079761  
 NP_081149 NP_080356  
 NP_071860 NP_079854  
 XP_001480119 NP_776118  
 NP_001158217 NP_079710  
 NP_067509 NP_067531  
 NP_001157226 NP_065585  
 NP_033034 NP_034400  
 NP_067304 NP_075749  
 NP_536684 NP_663548  
 NP_780581 NP_079645  
 NP_694773 NP_536704  
 NP_033067 NP_076003  
 NP_075529 NP_955005  
 NP_080633 NP_598528  
 NP_033101 NP_064393  
 NP_033110 NP_080433  
 NP_058676 NP_001156929  
 NP_035422 NP_001156417  
 NP_080296 NP_083077  
 NP_080239 NP_080965  
 NP_080809 NP_542369  
 NP_075622 NP_997098  
 NP_038793 NP_082297  
 NP_081291 NP_034990  
 NP_077243 NP_963894  
 NP_079566 NP_082293  
 NP_001077414 NP_001074914  
 NP_075737 NP_058661  
 NP_031670 NP_598770  
318 
 NP_001035115 NP_079624  
 NP_079597 NP_075691  
 NP_598465 NP_084363  
 NP_001025153 NP_766089  
 NP_035259 NP_075364  
 NP_081945 NP_075664  
 NP_080963 NP_062704  
 NP_035556 NP_653116  
 NP_849179 NP_032746  
 NP_113583 NP_032968  
 NP_033222 NP_032732  
 NP_035521 NP_080773  
 NP_081736 NP_079815  
 NP_848811 NP_077757  
 NP_062715 NP_081789  
 NP_082336 NP_061285  
 NP_081448 NP_941075  
 NP_062750 NP_598513  
 NP_062701 NP_997408  
 NP_666238 NP_663435  
 NP_083643 NP_082557  
 NP_001078862 NP_035995  
 NP_001073344 NP_001158149  
 NP_659076 NP_082571  
 NP_080746 NP_766253  
 NP_083128 NP_076012  
 NP_663506 NP_080717  
 NP_694816 NP_082053  
 NP_898959 NP_001035866  
 NP_084334 NP_035199  
 NP_067262 NP_663463  
 NP_083295 NP_663558  
 NP_080619 NP_079672  
 NP_083935 NP_598518  
 NP_001005510 NP_058662  
 NP_001153112 NP_001001983  
 NP_080581 NP_001074703  
 NP_038714 NP_958808  
 NP_033367 NP_598540  
 NP_035713 NP_062614  
 NP_038926 NP_075685  
 NP_033414 NP_076114  
 NP_001074781 NP_001157012  
 NP_775655 NP_080112  
 NP_079984 NP_620088  
 NP_084304 NP_068682  
 NP_001157219 NP_058577  
 NP_083042 NP_001034598  
 NP_081113 NP_056616  
 NP_780421 NP_080440  
 NP_079594 NP_080665  
 NP_080272 NP_598845  
 NP_659040 NP_032937  
 NP_071709 NP_796216  
 NP_058065 NP_001157672  
319 
 NP_033444 NP_473398  
 NP_082449 NP_694812  
 NP_067477 XP_001478041  
 NP_038746 NP_032969  
 NP_033461 NP_034947  
 NP_114393 NP_035319  
 NP_112478 NP_035320  
 NP_083011 NP_598774  
 NP_083194 NP_081149  
 NP_898919 NP_081551  
 NP_035790 NP_001158217  
 NP_766185 NP_076076  
 NP_853622 NP_062625  
 NP_080408 NP_033019  
 NP_001129557 NP_067509  
 NP_542127 NP_077198  
 NP_001153791 NP_080387  
 NP_109605 NP_705787  
 NP_033507 NP_001159871  
 NP_058074 NP_001157226  
 NP_035820 NP_001157135  
 NP_780346 NP_075615  
 NP_033528 NP_033034  
 NP_291050 NP_062364  
 NP_035845 NP_852071  
 NP_082239 NP_033063  
 NP_083963 NP_036122  
 NP_081065 NP_536684  
 NP_001034590 NP_780581  
 NP_001039019 NP_694773  
 NP_001012741 NP_080671  
 NP_001012743 NP_062512  
 NP_997184 NP_001156826  
 NP_937889 NP_666111  
 NP_061223 NP_079619  
 NP_033562 NP_001011875  
 NP_033575 NP_898853  
  NP_033101  
  NP_035417  
  XP_001474740  
  NP_080250  
  NP_001002239  
  NP_075029  
  NP_038790  
  NP_742083  
  NP_033110  
  NP_001041523  
  NP_077174  
  NP_058676  
  NP_035421  
  NP_036183  
  NP_035422  
  NP_061341  
  NP_080296  
  NP_080239  
320 
  NP_080809  
  NP_075622  
  NP_032529  
  NP_038793  
  NP_081291  
  NP_035430  
  XP_001474155  
  NP_077243  
  NP_918941  
  NP_570962  
  NP_109617  
  NP_033146  
  NP_619606  
  NP_076126  
  NP_075737  
  NP_001035115  
  NP_035471  
  NP_079744  
  NP_598465  
  NP_035472  
  NP_033173  
  NP_001025153  
  NP_766184  
  NP_081245  
  NP_694695  
  NP_035474  
  NP_444332  
  NP_075964  
  NP_033269  
  NP_080963  
  NP_444426  
  NP_109674  
  NP_849179  
  NP_113583  
  NP_033222  
  NP_035521  
  NP_851842  
  NP_780403  
  NP_035529  
  NP_851845  
  NP_080508  
  NP_765990  
  NP_081736  
  NP_001007571  
  NP_848811  
  NP_036119  
  NP_076085  
  NP_075703  
  NP_082938  
  NP_001158270  
  NP_001071177  
  NP_001154885  
  NP_033239  
  NP_598615  
  NP_062750  
321 
  NP_062701  
  NP_663506  
  NP_898959  
  NP_083601  
  NP_001076017  
  NP_067262  
  NP_444418  
  NP_666045  
  NP_032434  
  NP_598648  
  NP_080619  
  NP_062803  
  NP_058077  
  NP_061238  
  NP_083935  
  NP_852088  
  NP_001005510  
  NP_079568  
  NP_081622  
  NP_082207  
  NP_001167018  
  XP_001475770  
  NP_598879  
  NP_666186  
  NP_082195  
  NP_062792  
  NP_038926  
  NP_001020025  
  NP_033414  
  NP_035732  
  NP_082730  
  NP_579930  
  NP_598608  
  NP_001074781  
  NP_034874  
  NP_079974  
  NP_598903  
  NP_780310  
  NP_035756  
  NP_079984  
  NP_001157219  
  NP_083042  
  NP_080708  
  NP_080795  
  NP_079594  
  NP_938037  
  NP_077176  
  NP_613065  
  NP_659040  
  NP_071709  
  NP_058065  
  NP_080761  
  NP_082449  
  NP_038746  
  NP_796012  
322 
  NP_082339  
  NP_079813  
  NP_112478  
  NP_080012  
  NP_035790  
  NP_079610  
  NP_080408  
  NP_542127  
  NP_001153791  
  NP_109605  
  NP_033507  
  NP_058074  
  NP_062780  
  NP_035820  
  NP_780346  
  NP_036167  
  NP_033528  
  NP_001074825  
  NP_796125  
  NP_001121670  
  NP_075373  
  NP_058080  
  NP_001157960  
  NP_081738  
  NP_291050  
  NP_035845  
  NP_997184  
  NP_001153031  
  NP_665827  
  NP_937889  
  NP_038799  
  NP_061223  
  NP_035871  
  NP_033575  
  NP_077193  
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Supplemental Table 3.1. The macaque caput, proximal corpus, distal corpus and 
cauda sperm proteome. 
 
Caput Sperm Proteome 
Ensembl Protein ID 
Molecular 
Weight (kDa) Ensembl Gene ID Gene Name 
ENSMMUP00000005992 17.40 ENSMMUG00000004494 A2LD1 
ENSMMUP00000014550 75.09 ENSMMUG00000011117 AACS 
ENSMMUP00000025589 47.71 ENSMMUG00000019473 AADAT 
ENSMMUP00000028514 106.61 ENSMMUG00000021653 AARS 
ENSMMUP00000003495 179.05 ENSMMUG00000018286 ABCA15 
ENSMMUP00000025762 94.05 ENSMMUG00000019616 ABCB6 
ENSMMUP00000004558 126.21 ENSMMUG00000005914 ABCC1 
ENSMMUP00000028722 149.42 ENSMMUG00000021807 ABCC4 
ENSMMUP00000018416 74.90 ENSMMUG00000014013 ABCD3 
ENSMMUP00000000937 33.76 ENSMMUG00000000696 ABHD10 
ENSMMUP00000019117 33.55 ENSMMUG00000014557 ABHD11 
ENSMMUP00000012062 44.98 ENSMMUG00000009201 ABHD12 
ENSMMUP00000025827 22.44 ENSMMUG00000019657 ABHD14B 
ENSMMUP00000020586 63.18 ENSMMUG00000015686 ABHD16A 
ENSMMUP00000018938 48.29 ENSMMUG00000014414 ABHD2 
ENSMMUP00000030049 9.03 ENSMMUG00000022821 ABRACL 
ENSMMUP00000001337 47.41 ENSMMUG00000000990 ACAA1 
ENSMMUP00000004053 41.48 ENSMMUG00000003040 ACAA2 
ENSMMUP00000012252 265.83 ENSMMUG00000009349 ACACA 
ENSMMUP00000009312 44.84 ENSMMUG00000007107 ACAD8 
ENSMMUP00000008358 68.92 ENSMMUG00000006338 ACAD9 
ENSMMUP00000013785 47.96 ENSMMUG00000010517 ACADL 
ENSMMUP00000009469 50.39 ENSMMUG00000007220 ACADM 
ENSMMUP00000027174 44.35 ENSMMUG00000020648 ACADS 
ENSMMUP00000000920 45.94 ENSMMUG00000000684 ACADSB 
ENSMMUP00000013817 72.76 ENSMMUG00000010538 ACADVL 
ENSMMUP00000005565 45.10 ENSMMUG00000004161 ACAT1 
ENSMMUP00000016555 140.81 ENSMMUG00000012608 ACE 
ENSMMUP00000024909 65.27 ENSMMUG00000018931 ACLY 
ENSMMUP00000010735 101.28 ENSMMUG00000008196 ACO1 
ENSMMUP00000001942 85.35 ENSMMUG00000001454 ACO2 
ENSMMUP00000034354 14.93 ENSMMUG00000029939 ACOT13 
ENSMMUP00000009010 52.92 ENSMMUG00000006855 ACOT2 
ENSMMUP00000005471 41.90 ENSMMUG00000004094 ACOT7 
ENSMMUP00000016430 36.00 ENSMMUG00000012510 ACOT8 
ENSMMUP00000018616 74.76 ENSMMUG00000014172 ACOX1 
ENSMMUP00000008198 65.67 ENSMMUG00000006234 ACOX3 
ENSMMUP00000022497 18.02 ENSMMUG00000017097 ACP1 
ENSMMUP00000020461 48.36 ENSMMUG00000015597 ACP2 
ENSMMUP00000039205 48.56 ENSMMUG00000013561 ACP6 
ENSMMUP00000025884 55.17 ENSMMUG00000019697 ACPL2 
ENSMMUP00000007394 43.64 ENSMMUG00000005592 ACR 
ENSMMUP00000022339 61.52 ENSMMUG00000016983 ACRBP 
ENSMMUP00000019440 26.26 ENSMMUG00000014812 ACRV1 
ENSMMUP00000024921 69.10 ENSMMUG00000018937 ACSBG2 
ENSMMUP00000022670 63.48 ENSMMUG00000017236 ACSF2 
ENSMMUP00000015972 77.90 ENSMMUG00000012177 ACSL1 
ENSMMUP00000007128 80.37 ENSMMUG00000005393 ACSL3 
ENSMMUP00000005601 74.39 ENSMMUG00000004188 ACSL4 
325 
ENSMMUP00000022230 68.24 ENSMMUG00000016909 ACSL6 
ENSMMUP00000011787 65.12 ENSMMUG00000009002 ACSM5 
ENSMMUP00000018151 75.10 ENSMMUG00000013800 ACSS3 
ENSMMUP00000012328 41.74 ENSMMUG00000009425 ACTB 
ENSMMUP00000009222 42.02 ENSMMUG00000007027 ACTC1 
ENSMMUP00000030994 26.70 ENSMMUG00000023549 ACTL10 
ENSMMUP00000025431 48.71 ENSMMUG00000019355 ACTL7A 
ENSMMUP00000001111 45.74 ENSMMUG00000000818 ACTL9 
ENSMMUP00000014104 102.61 ENSMMUG00000010767 ACTN1 
ENSMMUP00000008470 104.86 ENSMMUG00000006429 ACTN4 
ENSMMUP00000015668 42.62 ENSMMUG00000011949 ACTR1A 
ENSMMUP00000003020 45.28 ENSMMUG00000002263 ACTR2 
ENSMMUP00000019703 47.30 ENSMMUG00000015032 ACTR3 
ENSMMUP00000016190 41.48 ENSMMUG00000012334 ACTRT2 
ENSMMUP00000028801 46.90 ENSMMUG00000021874 ACTRT3 
ENSMMUP00000004864 30.16 ENSMMUG00000003646 ACY1 
ENSMMUP00000024382 35.26 ENSMMUG00000018532 ACY3 
ENSMMUP00000023035 84.14 ENSMMUG00000017507 ADAM10 
ENSMMUP00000004194 82.40 ENSMMUG00000003137 ADAM2 
ENSMMUP00000007032 86.03 ENSMMUG00000005317 ADAM28 
ENSMMUP00000023007 87.64 ENSMMUG00000017482 ADAM30 
ENSMMUP00000032138 88.35 ENSMMUG00000029007 ADAM32 
ENSMMUP00000010384 85.82 ENSMMUG00000007909 ADAM7 
ENSMMUP00000004729 39.78 ENSMMUG00000003552 ADH5 
ENSMMUP00000025585 21.57 ENSMMUG00000019471 ADI1 
ENSMMUP00000015779 39.08 ENSMMUG00000012030 ADPRHL2 
ENSMMUP00000027808 90.22 ENSMMUG00000021125 AFG3L2 
ENSMMUP00000009701 37.42 ENSMMUG00000007393 AGA 
ENSMMUP00000027654 47.10 ENSMMUG00000021017 AGK 
ENSMMUP00000022436 19.95 ENSMMUG00000017050 AGR2 
ENSMMUP00000034834 56.94 ENSMMUG00000019358 AHCYL2 
ENSMMUP00000037351 479.98 ENSMMUG00000022301 AHNAK 
ENSMMUP00000006569 66.29 ENSMMUG00000004954 AIFM1 
ENSMMUP00000008433 40.53 ENSMMUG00000006392 AIFM2 
ENSMMUP00000020693 34.33 ENSMMUG00000015759 AIMP1 
ENSMMUP00000035508 33.42 ENSMMUG00000030420 AIMP2 
ENSMMUP00000018395 21.62 ENSMMUG00000013998 AK1 
ENSMMUP00000008266 25.62 ENSMMUG00000006284 AK2 
ENSMMUP00000000191 25.48 ENSMMUG00000000143 AK3 
ENSMMUP00000004532 82.85 ENSMMUG00000003397 AK7 
ENSMMUP00000012974 54.74 ENSMMUG00000009916 AK8 
ENSMMUP00000030620 191.35 ENSMMUG00000023265 AKAP12 
ENSMMUP00000027397 94.65 ENSMMUG00000020812 AKAP3 
ENSMMUP00000030361 64.47 ENSMMUG00000023060 AKAP4 
ENSMMUP00000041059 23.52 ENSMMUG00000023060 AKAP4 
ENSMMUP00000003167 451.52 ENSMMUG00000002364 AKAP9 
ENSMMUP00000026431 36.63 ENSMMUG00000020085 AKR1A1 
ENSMMUP00000001238 29.38 ENSMMUG00000000917 AKR1B1 
ENSMMUP00000030642 36.89 ENSMMUG00000023280 AKR1C3 
ENSMMUP00000000846 37.09 ENSMMUG00000006891 AKR7A2 
ENSMMUP00000009048 36.76 ENSMMUG00000006891 AKR7A2 
ENSMMUP00000039724 38.90 ENSMMUG00000031965 ALAD 
ENSMMUP00000005100 68.87 ENSMMUG00000003827 ALB 
ENSMMUP00000011950 64.97 ENSMMUG00000009107 ALCAM 
ENSMMUP00000004139 87.33 ENSMMUG00000003102 ALDH18A1 
326 
ENSMMUP00000017493 54.80 ENSMMUG00000013303 ALDH1A1 
ENSMMUP00000017155 57.18 ENSMMUG00000013057 ALDH1B1 
ENSMMUP00000039814 98.98 ENSMMUG00000012488 ALDH1L1 
ENSMMUP00000038620 51.82 ENSMMUG00000008336 ALDH2 
ENSMMUP00000018567 57.58 ENSMMUG00000014130 ALDH3A2 
ENSMMUP00000006318 46.88 ENSMMUG00000004751 ALDH4A1 
ENSMMUP00000025444 57.01 ENSMMUG00000019368 ALDH5A1 
ENSMMUP00000016657 58.15 ENSMMUG00000012684 ALDH6A1 
ENSMMUP00000036869 55.29 ENSMMUG00000002489 ALDH7A1 
ENSMMUP00000020979 53.50 ENSMMUG00000015946 ALDH9A1 
ENSMMUP00000001319 39.43 ENSMMUG00000000983 ALDOA 
ENSMMUP00000026743 39.44 ENSMMUG00000020322 ALDOC 
ENSMMUP00000014774 54.31 ENSMMUG00000011273 ALG12 
ENSMMUP00000013969 47.11 ENSMMUG00000010662 ALG2 
ENSMMUP00000004782 36.92 ENSMMUG00000003585 ALG5 
ENSMMUP00000002960 57.46 ENSMMUG00000002217 ALPL 
ENSMMUP00000000405 17.73 ENSMMUG00000000299 AMH 
ENSMMUP00000007210 43.96 ENSMMUG00000005452 AMT 
ENSMMUP00000039578 57.64 ENSMMUG00000031908 AMY2B 
ENSMMUP00000029354 304.68 ENSMMUG00000022301 ANHAK 
ENSMMUP00000034878 431.71 ENSMMUG00000008633 ANK2 
ENSMMUP00000004790 479.83 ENSMMUG00000003589 ANK3 
ENSMMUP00000025215 115.85 ENSMMUG00000019184 ANKFY1 
ENSMMUP00000022568 297.22 ENSMMUG00000017161 ANKRD11 
ENSMMUP00000021541 195.36 ENSMMUG00000016403 ANKRD26 
ENSMMUP00000001380 73.59 ENSMMUG00000001029 ANO10 
ENSMMUP00000019645 109.91 ENSMMUG00000014983 ANPEP 
ENSMMUP00000016637 38.73 ENSMMUG00000012667 ANXA1 
ENSMMUP00000026008 54.32 ENSMMUG00000019780 ANXA11 
ENSMMUP00000015738 38.61 ENSMMUG00000012000 ANXA2 
ENSMMUP00000029245 35.84 ENSMMUG00000022218 ANXA3 
ENSMMUP00000001151 36.02 ENSMMUG00000000857 ANXA4 
ENSMMUP00000012054 35.65 ENSMMUG00000009194 ANXA5 
ENSMMUP00000027707 74.95 ENSMMUG00000021053 ANXA6 
ENSMMUP00000020625 52.82 ENSMMUG00000015708 ANXA7 
ENSMMUP00000028164 104.60 ENSMMUG00000021380 AP1B1 
ENSMMUP00000014261 92.02 ENSMMUG00000010878 AP1G1 
ENSMMUP00000018433 48.59 ENSMMUG00000014026 AP1M1 
ENSMMUP00000015243 105.39 ENSMMUG00000011612 AP2A1 
ENSMMUP00000004831 103.98 ENSMMUG00000003620 AP2A2 
ENSMMUP00000007939 105.54 ENSMMUG00000006048 AP2B1 
ENSMMUP00000008633 49.39 ENSMMUG00000006557 AP2M1 
ENSMMUP00000031555 17.02 ENSMMUG00000000833 AP2S1 
ENSMMUP00000001814 117.74 ENSMMUG00000001360 AP3B1 
ENSMMUP00000020554 136.88 ENSMMUG00000015663 AP3D1 
ENSMMUP00000008795 25.31 ENSMMUG00000006685 APCS 
ENSMMUP00000007600 46.57 ENSMMUG00000005755 APMAP 
ENSMMUP00000003528 26.77 ENSMMUG00000002623 APOA1BP 
ENSMMUP00000021209 30.74 ENSMMUG00000016125 APOA4 
ENSMMUP00000018786 29.12 ENSMMUG00000014305 APOE 
ENSMMUP00000021484 22.31 ENSMMUG00000016361 APOO 
ENSMMUP00000040944 29.28 ENSMMUG00000004335 APOOL 
ENSMMUP00000003423 61.58 ENSMMUG00000002543 ARCN1 
ENSMMUP00000003743 20.70 ENSMMUG00000002792 ARF1 
ENSMMUP00000024494 20.51 ENSMMUG00000018617 ARF4 
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ENSMMUP00000020232 18.02 ENSMMUG00000015423 ARF5 
ENSMMUP00000020526 20.08 ENSMMUG00000015642 ARF6 
ENSMMUP00000002978 56.83 ENSMMUG00000002229 ARFGAP3 
ENSMMUP00000025793 202.10 ENSMMUG00000019635 ARFGEF2 
ENSMMUP00000024331 41.74 ENSMMUG00000018490 ARFIP1 
ENSMMUP00000037126 50.51 ENSMMUG00000007831 ARHGAP1 
ENSMMUP00000026797 75.13 ENSMMUG00000020365 ARHGAP18 
ENSMMUP00000021210 217.57 ENSMMUG00000016123 ARHGAP21 
ENSMMUP00000033902 25.66 ENSMMUG00000009949 ARHGDIA 
ENSMMUP00000012248 80.34 ENSMMUG00000009354 ARHGEF16 
ENSMMUP00000016675 233.75 ENSMMUG00000012697 ARID1A 
ENSMMUP00000038802 15.86 ENSMMUG00000031610 ARL1 
ENSMMUP00000016165 18.16 ENSMMUG00000012320 ARL2 
ENSMMUP00000025180 11.91 ENSMMUG00000019158 ARL3 
ENSMMUP00000011316 21.56 ENSMMUG00000008627 ARL6IP5 
ENSMMUP00000040467 18.99 ENSMMUG00000032201 ARMC12 
ENSMMUP00000013614 96.34 ENSMMUG00000010384 ARMC3 
ENSMMUP00000027190 115.61 ENSMMUG00000020661 ARMC4 
ENSMMUP00000031076 49.21 ENSMMUG00000023604 ARMCX1 
ENSMMUP00000020539 42.44 ENSMMUG00000015655 ARMCX3 
ENSMMUP00000001943 38.49 ENSMMUG00000001458 ARPC1B 
ENSMMUP00000030034 34.33 ENSMMUG00000022808 ARPC2 
ENSMMUP00000039744 19.49 ENSMMUG00000031972 ARPC4 
ENSMMUP00000027507 34.77 ENSMMUG00000020907 ART3 
ENSMMUP00000022560 104.68 ENSMMUG00000017153 ARVCF 
ENSMMUP00000020335 44.81 ENSMMUG00000015497 ASAH1 
ENSMMUP00000015581 51.65 ENSMMUG00000011871 ASL 
ENSMMUP00000008257 34.65 ENSMMUG00000006275 ASNA1 
ENSMMUP00000018182 32.13 ENSMMUG00000013831 ASRGL1 
ENSMMUP00000025233 46.29 ENSMMUG00000019199 ASS1 
ENSMMUP00000040682 63.86 ENSMMUG00000001549 ATAD3B 
ENSMMUP00000018693 35.78 ENSMMUG00000014232 ATG3 
ENSMMUP00000028718 78.02 ENSMMUG00000021804 ATG7 
ENSMMUP00000016168 64.56 ENSMMUG00000012318 ATIC 
ENSMMUP00000007625 63.52 ENSMMUG00000005776 ATL3 
ENSMMUP00000005561 338.22 ENSMMUG00000004153 ATM 
ENSMMUP00000012772 125.97 ENSMMUG00000009764 ATP13A4 
ENSMMUP00000010673 112.91 ENSMMUG00000008151 ATP1A1 
ENSMMUP00000023453 109.50 ENSMMUG00000017836 ATP1A4 
ENSMMUP00000027746 35.00 ENSMMUG00000021078 ATP1B1 
ENSMMUP00000038541 31.51 ENSMMUG00000012256 ATP1B3 
ENSMMUP00000002322 111.28 ENSMMUG00000001739 ATP2A2 
ENSMMUP00000027791 137.72 ENSMMUG00000021116 ATP2B4 
ENSMMUP00000004753 59.75 ENSMMUG00000003570 ATP5A1 
ENSMMUP00000035315 56.40 ENSMMUG00000030356 ATP5B 
ENSMMUP00000012071 33.08 ENSMMUG00000009207 ATP5C1 
ENSMMUP00000009293 17.45 ENSMMUG00000007091 ATP5D 
ENSMMUP00000004417 28.78 ENSMMUG00000003313 ATP5F1 
ENSMMUP00000015287 18.51 ENSMMUG00000011647 ATP5H 
ENSMMUP00000023168 11.43 ENSMMUG00000017604 ATP5L 
ENSMMUP00000020340 23.25 ENSMMUG00000015504 ATP5O 
ENSMMUP00000003513 18.58 ENSMMUG00000002615 ATP5S 
ENSMMUP00000016769 39.05 ENSMMUG00000012762 ATP6AP2 
ENSMMUP00000029815 96.40 ENSMMUG00000022644 ATP6V0A1 
ENSMMUP00000002167 40.40 ENSMMUG00000001618 ATP6V0D2 
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ENSMMUP00000027293 68.33 ENSMMUG00000020740 ATP6V1A 
ENSMMUP00000026300 56.53 ENSMMUG00000020000 ATP6V1B2 
ENSMMUP00000001439 43.94 ENSMMUG00000001078 ATP6V1C1 
ENSMMUP00000028217 28.26 ENSMMUG00000021418 ATP6V1D 
ENSMMUP00000037336 26.21 ENSMMUG00000021477 ATP6V1E1 
ENSMMUP00000005433 53.76 ENSMMUG00000004064 ATP6V1H 
ENSMMUP00000004875 32.76 ENSMMUG00000003657 ATPAF2 
ENSMMUP00000011739 53.43 ENSMMUG00000008955 ATXN10 
ENSMMUP00000012270 39.62 ENSMMUG00000009370 ATXN3L 
ENSMMUP00000020756 35.61 ENSMMUG00000015798 AUH 
ENSMMUP00000025644 32.97 ENSMMUG00000019519 B3GALT6 
ENSMMUP00000039967 39.83 ENSMMUG00000003592 B4GALT4 
ENSMMUP00000021095 10.34 ENSMMUG00000016037 BANF2 
ENSMMUP00000015606 22.66 ENSMMUG00000011892 BASP1 
ENSMMUP00000034109 48.99 ENSMMUG00000008839 BAT1 
ENSMMUP00000005209 21.21 ENSMMUG00000003907 BAX 
ENSMMUP00000027008 38.83 ENSMMUG00000020506 BBS5 
ENSMMUP00000016741 27.91 ENSMMUG00000012744 BCAP31 
ENSMMUP00000031538 44.20 ENSMMUG00000010079 BCAT2 
ENSMMUP00000006415 43.72 ENSMMUG00000004829 BCKDHB 
ENSMMUP00000037625 47.47 ENSMMUG00000006740 BCS1L 
ENSMMUP00000002705 38.13 ENSMMUG00000002021 BDH1 
ENSMMUP00000015095 12.36 ENSMMUG00000011505 BET1L 
ENSMMUP00000010826 52.82 ENSMMUG00000008264 BFAR 
ENSMMUP00000001376 52.03 ENSMMUG00000001026 BLMH 
ENSMMUP00000022883 33.46 ENSMMUG00000017382 BLVRA 
ENSMMUP00000020467 20.15 ENSMMUG00000015603 BLVRB 
ENSMMUP00000019168 26.16 ENSMMUG00000014607 BNIP1 
ENSMMUP00000009608 16.91 ENSMMUG00000007331 BOLA2 
ENSMMUP00000006109 30.01 ENSMMUG00000004598 BPGM 
ENSMMUP00000011122 32.46 ENSMMUG00000008483 BPHL 
ENSMMUP00000022898 21.42 ENSMMUG00000017396 BPNT1 
ENSMMUP00000013616 14.31 ENSMMUG00000010387 BRP44 
ENSMMUP00000015402 11.64 ENSMMUG00000011739 BRP44L 
ENSMMUP00000011148 262.93 ENSMMUG00000008504 BRWD1 
ENSMMUP00000018869 72.42 ENSMMUG00000014363 BSCL2 
ENSMMUP00000024655 41.73 ENSMMUG00000018740 BSG 
ENSMMUP00000019089 412.66 ENSMMUG00000014537 BSN 
ENSMMUP00000039719 44.88 ENSMMUG00000005851 BSPRY 
ENSMMUP00000027325 49.39 ENSMMUG00000020762 BTD 
ENSMMUP00000004124 37.15 ENSMMUG00000003092 BUB3 
ENSMMUP00000035112 39.45 ENSMMUG00000017045 BZW2 
ENSMMUP00000029020 42.47 ENSMMUG00000022034 C11H12orf10 
ENSMMUP00000036772 35.12 ENSMMUG00000011649 C11ORF54 
ENSMMUP00000028023 17.75 ENSMMUG00000021282 C11orf59 
ENSMMUP00000030495 32.43 ENSMMUG00000023168 C12H2orf47 
ENSMMUP00000016800 27.53 ENSMMUG00000012788 C12orf60 
ENSMMUP00000027337 29.93 ENSMMUG00000020771 C15H9orf24 
ENSMMUP00000025258 35.69 ENSMMUG00000019220 C16H17orf101 
ENSMMUP00000022627 17.66 ENSMMUG00000017201 C16H17orf98 
ENSMMUP00000020894 22.78 ENSMMUG00000015891 C16ORF80 
ENSMMUP00000030815 87.35 ENSMMUG00000023406 C17orf28 
ENSMMUP00000030671 28.52 ENSMMUG00000023299 C18orf55 
ENSMMUP00000031956 12.34 ENSMMUG00000028924 C19orf10 
ENSMMUP00000009991 18.02 ENSMMUG00000007608 C1H1orf123 
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ENSMMUP00000000016 17.62 ENSMMUG00000000015 C1orf100 
ENSMMUP00000040591 22.80 ENSMMUG00000021870 C1orf158 
ENSMMUP00000013170 36.48 ENSMMUG00000010072 C1orf56 
ENSMMUP00000002624 26.85 ENSMMUG00000001966 C1orf68 
ENSMMUP00000008669 31.51 ENSMMUG00000006592 C1QBP 
ENSMMUP00000004469 37.41 ENSMMUG00000003355 C2orf43 
ENSMMUP00000035705 27.93 ENSMMUG00000005272 C3H21orf33 
ENSMMUP00000015763 32.09 ENSMMUG00000012014 C3orf1 
ENSMMUP00000017571 35.90 ENSMMUG00000013372 C3ORF31 
ENSMMUP00000001017 117.23 ENSMMUG00000000749 C4B 
ENSMMUP00000034853 31.73 ENSMMUG00000015226 C5ORF33 
ENSMMUP00000034677 33.97 ENSMMUG00000030085 C5orf35 
ENSMMUP00000020991 15.47 ENSMMUG00000015958 C6H5orf48 
ENSMMUP00000015822 15.86 ENSMMUG00000012064 C7H14orf1 
ENSMMUP00000027838 34.26 ENSMMUG00000021143 C7H15orf26 
ENSMMUP00000007523 68.24 ENSMMUG00000005701 C7orf31 
ENSMMUP00000024206 62.89 ENSMMUG00000018402 C7ORF43 
ENSMMUP00000035442 23.69 ENSMMUG00000030395 C7ORF61 
ENSMMUP00000014309 17.87 ENSMMUG00000010907 C9H10orf82 
ENSMMUP00000021856 12.41 ENSMMUG00000016624 C9orf123 
ENSMMUP00000006099 29.06 ENSMMUG00000004588 C9orf171 
ENSMMUP00000008147 17.18 ENSMMUG00000006197 C9ORF46 
ENSMMUP00000024827 39.04 ENSMMUG00000018870 C9ORF64 
ENSMMUP00000027857 19.26 ENSMMUG00000021158 C9orf9 
ENSMMUP00000018892 28.96 ENSMMUG00000014383 CA1 
ENSMMUP00000019548 29.27 ENSMMUG00000014891 CA2 
ENSMMUP00000010395 35.35 ENSMMUG00000007917 CA4 
ENSMMUP00000012818 39.90 ENSMMUG00000009793 CAB39 
ENSMMUP00000005816 51.84 ENSMMUG00000004346 CABYR 
ENSMMUP00000005818 41.11 ENSMMUG00000004346 CABYR 
ENSMMUP00000004736 237.19 ENSMMUG00000003555 CACNA1A 
ENSMMUP00000002100 21.21 ENSMMUG00000001571 CACYBP 
ENSMMUP00000013443 245.60 ENSMMUG00000010269 CAD 
ENSMMUP00000005869 48.11 ENSMMUG00000004392 CALR 
ENSMMUP00000010884 136.38 ENSMMUG00000008300 CAND1 
ENSMMUP00000016246 67.60 ENSMMUG00000012370 CANX 
ENSMMUP00000012041 51.60 ENSMMUG00000009188 CAP1 
ENSMMUP00000036393 38.53 ENSMMUG00000002675 CAPG 
ENSMMUP00000017716 81.96 ENSMMUG00000013475 CAPN1 
ENSMMUP00000000343 28.20 ENSMMUG00000000249 CAPNS1 
ENSMMUP00000015685 14.67 ENSMMUG00000011963 CAPS 
ENSMMUP00000020564 31.41 ENSMMUG00000015668 CAPZA1 
ENSMMUP00000008923 32.95 ENSMMUG00000006784 CAPZA2 
ENSMMUP00000029193 35.04 ENSMMUG00000022176 CAPZA3 
ENSMMUP00000009051 30.26 ENSMMUG00000006894 CAPZB 
ENSMMUP00000016632 41.48 ENSMMUG00000012663 CARKD 
ENSMMUP00000008776 48.81 ENSMMUG00000006676 CASC4 
ENSMMUP00000024183 27.59 ENSMMUG00000018392 CASP14 
ENSMMUP00000003264 59.94 ENSMMUG00000002429 CAT 
ENSMMUP00000018556 33.84 ENSMMUG00000014122 CAV1 
ENSMMUP00000027080 29.80 ENSMMUG00000020565 CBR1 
ENSMMUP00000013544 30.87 ENSMMUG00000010338 CBR3 
ENSMMUP00000020940 25.38 ENSMMUG00000015921 CBR4 
ENSMMUP00000024741 47.93 ENSMMUG00000018795 CCBL2 
ENSMMUP00000026845 32.50 ENSMMUG00000020402 CCDC109A 
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ENSMMUP00000014884 65.46 ENSMMUG00000011342 CCDC19 
ENSMMUP00000012536 107.28 ENSMMUG00000009588 CCDC40 
ENSMMUP00000004565 37.84 ENSMMUG00000003424 CCDC42 
ENSMMUP00000026539 29.44 ENSMMUG00000020154 CCDC90B 
ENSMMUP00000039489 66.70 ENSMMUG00000010214 CCIN 
ENSMMUP00000008832 36.51 ENSMMUG00000006713 CCNY 
ENSMMUP00000014181 57.49 ENSMMUG00000010820 CCT2 
ENSMMUP00000038741 60.53 ENSMMUG00000019034 CCT3 
ENSMMUP00000004237 53.66 ENSMMUG00000013973 CCT4 
ENSMMUP00000026476 59.67 ENSMMUG00000020112 CCT5 
ENSMMUP00000020026 58.34 ENSMMUG00000015272 CCT6A 
ENSMMUP00000008442 44.86 ENSMMUG00000006399 CCT6B 
ENSMMUP00000016341 59.36 ENSMMUG00000012448 CCT7 
ENSMMUP00000004035 59.37 ENSMMUG00000003023 CCT8 
ENSMMUP00000037079 14.04 ENSMMUG00000006062 CD59 
ENSMMUP00000002734 25.76 ENSMMUG00000002043 CD81 
ENSMMUP00000005958 25.40 ENSMMUG00000004470 CD9 
ENSMMUP00000040537 21.26 ENSMMUG00000022009 CDC42 
ENSMMUP00000015550 91.49 ENSMMUG00000011850 CDH1 
ENSMMUP00000024972 26.81 ENSMMUG00000018985 CDIPT 
ENSMMUP00000034374 54.01 ENSMMUG00000007954 CDKAL1 
ENSMMUP00000037355 46.49 ENSMMUG00000031124 CECR5 
ENSMMUP00000033450 45.41 ENSMMUG00000010687 CELF6 
ENSMMUP00000014637 38.65 ENSMMUG00000011178 CERS4 
ENSMMUP00000012361 58.68 ENSMMUG00000007651 CES1 
ENSMMUP00000010049 64.76 ENSMMUG00000007649 CES5A 
ENSMMUP00000025002 16.83 ENSMMUG00000019016 CFL1 
ENSMMUP00000039436 26.12 ENSMMUG00000031842 CHCHD3 
ENSMMUP00000025315 65.28 ENSMMUG00000019266 CHDH 
ENSMMUP00000004830 44.93 ENSMMUG00000003618 CHID1 
ENSMMUP00000026965 33.53 ENSMMUG00000020472 CIAPIN1 
ENSMMUP00000026062 12.20 ENSMMUG00000019823 CISD1 
ENSMMUP00000008487 56.02 ENSMMUG00000006438 CKAP4 
ENSMMUP00000024964 42.65 ENSMMUG00000018977 CKB 
ENSMMUP00000020614 22.56 ENSMMUG00000029827 CLIC1 
ENSMMUP00000003244 28.76 ENSMMUG00000002416 CLIC4 
ENSMMUP00000000917 103.07 ENSMMUG00000000681 CLMN 
ENSMMUP00000031933 30.41 ENSMMUG00000028914 CLPP 
ENSMMUP00000003325 76.11 ENSMMUG00000002472 CLPTM1 
ENSMMUP00000006874 62.18 ENSMMUG00000005193 CLPTM1L 
ENSMMUP00000011669 105.99 ENSMMUG00000008899 CLSTN3 
ENSMMUP00000007183 189.91 ENSMMUG00000010509 CLTC 
ENSMMUP00000028339 52.25 ENSMMUG00000021516 CLU 
ENSMMUP00000025348 27.37 ENSMMUG00000019294 CMA1 
ENSMMUP00000022868 26.00 ENSMMUG00000017375 CMPK1 
ENSMMUP00000011718 52.83 ENSMMUG00000008938 CNDP2 
ENSMMUP00000021198 46.58 ENSMMUG00000016114 CNP 
ENSMMUP00000017456 20.68 ENSMMUG00000013271 CNPY2 
ENSMMUP00000016639 268.94 ENSMMUG00000012668 CNTRL 
ENSMMUP00000025015 16.49 ENSMMUG00000019023 COA1 
ENSMMUP00000012941 62.47 ENSMMUG00000009886 COASY 
ENSMMUP00000001688 104.19 ENSMMUG00000001266 COG1 
ENSMMUP00000005980 73.21 ENSMMUG00000004486 COG6 
ENSMMUP00000012158 62.74 ENSMMUG00000009280 COIL 
ENSMMUP00000025312 330.70 ENSMMUG00000019261 COL12A1 
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ENSMMUP00000003490 193.68 ENSMMUG00000002595 COL14A1 
ENSMMUP00000001955 139.30 ENSMMUG00000001467 COL1A1 
ENSMMUP00000020930 136.60 ENSMMUG00000015912 COL20A1 
ENSMMUP00000015024 134.52 ENSMMUG00000011444 COL2A1 
ENSMMUP00000000736 105.74 ENSMMUG00000000544 COL6A1 
ENSMMUP00000018478 320.97 ENSMMUG00000014049 COL6A3 
ENSMMUP00000031825 24.75 ENSMMUG00000011549 COMMD5 
ENSMMUP00000022557 30.41 ENSMMUG00000017152 COMT 
ENSMMUP00000028777 139.75 ENSMMUG00000021854 COPA 
ENSMMUP00000021600 107.03 ENSMMUG00000016444 COPB1 
ENSMMUP00000004072 102.22 ENSMMUG00000003051 COPB2 
ENSMMUP00000030656 34.47 ENSMMUG00000023291 COPE 
ENSMMUP00000017291 91.27 ENSMMUG00000013163 COPG1 
ENSMMUP00000006382 97.60 ENSMMUG00000004801 COPG2 
ENSMMUP00000012877 52.74 ENSMMUG00000009838 COPS2 
ENSMMUP00000027761 47.93 ENSMMUG00000021091 COPS3 
ENSMMUP00000029369 46.27 ENSMMUG00000022312 COPS4 
ENSMMUP00000032078 36.51 ENSMMUG00000006281 COPS5 
ENSMMUP00000017657 36.06 ENSMMUG00000013440 COPS6 
ENSMMUP00000012528 30.32 ENSMMUG00000009583 COPS7A 
ENSMMUP00000006855 19.53 ENSMMUG00000005182 COPZ1 
ENSMMUP00000009234 15.97 ENSMMUG00000007039 COTL1 
ENSMMUP00000031381 25.56 ENSMMUG00000028686 COX2 
ENSMMUP00000008898 19.70 ENSMMUG00000006763 COX4I1 
ENSMMUP00000008897 23.77 ENSMMUG00000006762 COX4NB 
ENSMMUP00000015328 12.52 ENSMMUG00000011677 COX5A 
ENSMMUP00000012731 13.79 ENSMMUG00000009730 COX5B 
ENSMMUP00000031426 10.55 ENSMMUG00000003068 COX6B2 
ENSMMUP00000000226 8.63 ENSMMUG00000000165 COX6C 
ENSMMUP00000007302 48.67 ENSMMUG00000005519 CPA3 
ENSMMUP00000034813 49.12 ENSMMUG00000009494 CPA5 
ENSMMUP00000008309 60.12 ENSMMUG00000006308 CPNE3 
ENSMMUP00000005177 51.95 ENSMMUG00000003878 CPQ 
ENSMMUP00000020036 52.20 ENSMMUG00000015280 CPSF7 
ENSMMUP00000002371 86.24 ENSMMUG00000001780 CPT1A 
ENSMMUP00000004173 87.16 ENSMMUG00000003121 CPT1B 
ENSMMUP00000009988 73.78 ENSMMUG00000007606 CPT2 
ENSMMUP00000026577 54.10 ENSMMUG00000020184 CPVL 
ENSMMUP00000015453 70.72 ENSMMUG00000011767 CRAT 
ENSMMUP00000036900 31.35 ENSMMUG00000011278 CRELD2 
ENSMMUP00000005602 28.65 ENSMMUG00000004190 CRISP1 
ENSMMUP00000006060 35.35 ENSMMUG00000004560 CRYL1 
ENSMMUP00000039909 35.24 ENSMMUG00000014593 CRYZ 
ENSMMUP00000025796 110.42 ENSMMUG00000019636 CSE1L 
ENSMMUP00000002346 38.92 ENSMMUG00000001758 CSNK1A1 
ENSMMUP00000037657 45.14 ENSMMUG00000031224 CSNK2A1 
ENSMMUP00000020899 37.27 ENSMMUG00000015892 CSNK2A2 
ENSMMUP00000006998 24.94 ENSMMUG00000005294 CSNK2B 
ENSMMUP00000006999 24.61 ENSMMUG00000005294 CSNK2B 
ENSMMUP00000027334 20.58 ENSMMUG00000020772 CSRP1 
ENSMMUP00000029467 16.46 ENSMMUG00000022393 CST11 
ENSMMUP00000012060 15.86 ENSMMUG00000009200 CST3 
ENSMMUP00000016139 11.10 ENSMMUG00000012303 CSTB 
ENSMMUP00000023641 100.12 ENSMMUG00000017985 CTNNA1 
ENSMMUP00000019198 85.50 ENSMMUG00000014627 CTNNB1 
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ENSMMUP00000016242 104.13 ENSMMUG00000012366 CTNND1 
ENSMMUP00000038017 55.75 ENSMMUG00000009960 CTSA 
ENSMMUP00000025247 37.75 ENSMMUG00000019212 CTSB 
ENSMMUP00000005169 44.73 ENSMMUG00000003874 CTSD 
ENSMMUP00000021151 302.72 ENSMMUG00000016069 CUBN 
ENSMMUP00000037501 88.93 ENSMMUG00000022259 CUL3 
ENSMMUP00000011848 71.83 ENSMMUG00000009037 CUL4B 
ENSMMUP00000002393 90.96 ENSMMUG00000001800 CUL5 
ENSMMUP00000031302 29.36 ENSMMUG00000023763 CUTC 
ENSMMUP00000025710 26.19 ENSMMUG00000019569 CXHXorf26 
ENSMMUP00000027440 12.82 ENSMMUG00000020850 CXorf61 
ENSMMUP00000030675 15.31 ENSMMUG00000013607 CYB5A 
ENSMMUP00000009243 34.11 ENSMMUG00000007047 CYB5R1 
ENSMMUP00000025974 31.47 ENSMMUG00000019755 CYB5R2 
ENSMMUP00000013336 34.17 ENSMMUG00000010198 CYB5R3 
ENSMMUP00000009366 35.25 ENSMMUG00000007149 CYC1 
ENSMMUP00000035167 11.74 ENSMMUG00000030295 CYCS 
ENSMMUP00000005187 145.00 ENSMMUG00000003890 CYFIP1 
ENSMMUP00000029074 74.48 ENSMMUG00000022081 CYLC1 
ENSMMUP00000022355 62.07 ENSMMUG00000016996 CYP4F22 
ENSMMUP00000034816 82.41 ENSMMUG00000019879 DAB2 
ENSMMUP00000001123 12.50 ENSMMUG00000000830 DAD1 
ENSMMUP00000003624 42.81 ENSMMUG00000002692 DAK 
ENSMMUP00000022443 160.15 ENSMMUG00000017053 DAPK1 
ENSMMUP00000024163 57.30 ENSMMUG00000018377 DARS 
ENSMMUP00000030015 73.30 ENSMMUG00000022798 DARS2 
ENSMMUP00000010123 53.47 ENSMMUG00000007706 DBT 
ENSMMUP00000005435 26.48 ENSMMUG00000004066 DCAKD 
ENSMMUP00000000155 11.27 ENSMMUG00000000116 DCD 
ENSMMUP00000020483 136.89 ENSMMUG00000015610 DCTN1 
ENSMMUP00000014805 44.70 ENSMMUG00000011292 DCTN2 
ENSMMUP00000013839 29.99 ENSMMUG00000010552 DCUN1D1 
ENSMMUP00000014296 25.87 ENSMMUG00000010896 DCXR 
ENSMMUP00000019134 31.12 ENSMMUG00000014573 DDAH1 
ENSMMUP00000020610 29.72 ENSMMUG00000015697 DDAH2 
ENSMMUP00000003622 123.92 ENSMMUG00000002691 DDB1 
ENSMMUP00000007080 44.01 ENSMMUG00000005354 DDI1 
ENSMMUP00000011581 36.18 ENSMMUG00000008836 DDOST 
ENSMMUP00000006051 12.68 ENSMMUG00000004552 DDT 
ENSMMUP00000023133 70.53 ENSMMUG00000017569 DDX3X 
ENSMMUP00000034116 117.58 ENSMMUG00000012463 DDX46 
ENSMMUP00000012376 69.15 ENSMMUG00000009463 DDX5 
ENSMMUP00000029149 67.40 ENSMMUG00000022142 DDX53 
ENSMMUP00000024532 54.44 ENSMMUG00000018651 DDX6 
ENSMMUP00000008760 35.99 ENSMMUG00000006663 DECR1 
ENSMMUP00000011176 30.87 ENSMMUG00000008522 DECR2 
ENSMMUP00000017503 35.27 ENSMMUG00000013309 DERA 
ENSMMUP00000023442 32.14 ENSMMUG00000017830 DGUOK 
ENSMMUP00000015709 53.72 ENSMMUG00000011976 DHCR7 
ENSMMUP00000013140 34.05 ENSMMUG00000010051 DHRS1 
ENSMMUP00000009809 27.82 ENSMMUG00000007465 DHRS4 
ENSMMUP00000003418 32.19 ENSMMUG00000002540 DHRS7 
ENSMMUP00000015614 16.52 ENSMMUG00000011897 DHRSX 
ENSMMUP00000012608 90.91 ENSMMUG00000009637 DHX15 
ENSMMUP00000007450 141.32 ENSMMUG00000005635 DHX9 
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ENSMMUP00000028921 131.31 ENSMMUG00000021964 DIAPH1 
ENSMMUP00000001068 109.40 ENSMMUG00000000787 DIS3 
ENSMMUP00000030106 28.40 ENSMMUG00000022862 DKK3 
ENSMMUP00000036701 68.94 ENSMMUG00000017568 DLAT 
ENSMMUP00000008640 54.21 ENSMMUG00000006564 DLD 
ENSMMUP00000035872 202.30 ENSMMUG00000009128 DLG5 
ENSMMUP00000005696 48.92 ENSMMUG00000004260 DLST 
ENSMMUP00000022331 485.81 ENSMMUG00000016974 DNAH1 
ENSMMUP00000029903 522.30 ENSMMUG00000022764 DNAH11 
ENSMMUP00000010799 92.99 ENSMMUG00000008239 DNAH17 
ENSMMUP00000010694 510.27 ENSMMUG00000008166 DNAH2 
ENSMMUP00000022026 326.56 ENSMMUG00000016753 DNAH3 
ENSMMUP00000025136 242.47 ENSMMUG00000019116 DNAH6 
ENSMMUP00000007434 461.30 ENSMMUG00000005622 DNAH7 
ENSMMUP00000030786 536.40 ENSMMUG00000023381 DNAH8 
ENSMMUP00000027346 77.76 ENSMMUG00000020777 DNAI1 
ENSMMUP00000027595 68.65 ENSMMUG00000020974 DNAI2 
ENSMMUP00000031119 27.37 ENSMMUG00000023638 DNAJB13 
ENSMMUP00000004244 36.12 ENSMMUG00000003176 DNAJB6 
ENSMMUP00000018907 91.14 ENSMMUG00000014394 DNAJC10 
ENSMMUP00000006228 54.37 ENSMMUG00000004686 DNAJC11 
ENSMMUP00000021055 254.36 ENSMMUG00000016005 DNAJC13 
ENSMMUP00000007698 57.64 ENSMMUG00000005841 DNAJC3 
ENSMMUP00000006520 21.52 ENSMMUG00000004910 DNAL1 
ENSMMUP00000011035 31.82 ENSMMUG00000008418 DNALI1 
ENSMMUP00000018041 97.48 ENSMMUG00000013717 DNM1 
ENSMMUP00000039999 82.06 ENSMMUG00000013655 DNM1L 
ENSMMUP00000019257 97.71 ENSMMUG00000014677 DNM2 
ENSMMUP00000023570 53.43 ENSMMUG00000017929 DNPEP 
ENSMMUP00000003136 226.37 ENSMMUG00000002340 DOCK7 
ENSMMUP00000013542 258.90 ENSMMUG00000010336 DOPEY2 
ENSMMUP00000021670 56.72 ENSMMUG00000029101 DPEP3 
ENSMMUP00000003704 33.36 ENSMMUG00000002759 DPM1 
ENSMMUP00000014607 70.80 ENSMMUG00000011158 DPP3 
ENSMMUP00000011001 87.90 ENSMMUG00000008387 DPP4 
ENSMMUP00000016692 60.78 ENSMMUG00000012718 DPYSL2 
ENSMMUP00000015989 155.35 ENSMMUG00000012193 DROSHA 
ENSMMUP00000009141 30.93 ENSMMUG00000006962 DSCR3 
ENSMMUP00000029895 114.16 ENSMMUG00000022703 DSG1 
ENSMMUP00000027766 122.61 ENSMMUG00000021095 DSG2 
ENSMMUP00000019406 331.67 ENSMMUG00000014784 DSP 
ENSMMUP00000001071 857.55 ENSMMUG00000000777 DST 
ENSMMUP00000018130 18.38 ENSMMUG00000013786 DSTN 
ENSMMUP00000010555 23.94 ENSMMUG00000008049 DTYMK 
ENSMMUP00000024264 16.59 ENSMMUG00000018444 DUSP23 
ENSMMUP00000007635 531.13 ENSMMUG00000005780 DYNC1H1 
ENSMMUP00000001597 10.37 ENSMMUG00000001194 DYNLL1 
ENSMMUP00000002547 10.85 ENSMMUG00000001907 DYNLRB2 
ENSMMUP00000025567 9.85 ENSMMUG00000019454 DYNLT1 
ENSMMUP00000015017 64.88 ENSMMUG00000011447 EBF3 
ENSMMUP00000019584 27.11 ENSMMUG00000014927 ECH1 
ENSMMUP00000020128 33.79 ENSMMUG00000015352 ECHDC1 
ENSMMUP00000006560 31.35 ENSMMUG00000004951 ECHDC2 
ENSMMUP00000002236 32.69 ENSMMUG00000001668 ECHDC3 
ENSMMUP00000025280 33.06 ENSMMUG00000019237 ECI1 
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ENSMMUP00000034486 40.05 ENSMMUG00000014021 ECI2 
ENSMMUP00000008234 60.62 ENSMMUG00000006257 ECM1 
ENSMMUP00000020976 17.74 ENSMMUG00000001656 EDDM3B 
ENSMMUP00000006451 50.14 ENSMMUG00000004852 EEF1A1 
ENSMMUP00000002195 31.87 ENSMMUG00000001645 EEF1D 
ENSMMUP00000028459 19.83 ENSMMUG00000021606 EEF1E1 
ENSMMUP00000008675 50.09 ENSMMUG00000006598 EEF1G 
ENSMMUP00000029973 95.33 ENSMMUG00000022767 EEF2 
ENSMMUP00000023652 24.46 ENSMMUG00000016822 EFCAB1 
ENSMMUP00000005755 14.84 ENSMMUG00000004301 EFCAB10 
ENSMMUP00000015887 132.66 ENSMMUG00000012118 EFCAB5 
ENSMMUP00000007615 155.63 ENSMMUG00000005769 EFCAB6 
ENSMMUP00000024787 91.24 ENSMMUG00000018836 EFHB 
ENSMMUP00000018038 73.91 ENSMMUG00000013716 EFHC1 
ENSMMUP00000021523 86.99 ENSMMUG00000016391 EFHC2 
ENSMMUP00000017238 105.40 ENSMMUG00000013118 EFTUD2 
ENSMMUP00000005300 60.63 ENSMMUG00000003972 EHD1 
ENSMMUP00000007917 60.14 ENSMMUG00000006028 EHD2 
ENSMMUP00000007801 34.84 ENSMMUG00000005927 EHF 
ENSMMUP00000000270 16.16 ENSMMUG00000000193 EIF1AX 
ENSMMUP00000017313 33.65 ENSMMUG00000013181 EIF2B1 
ENSMMUP00000003895 38.97 ENSMMUG00000002910 EIF2B2 
ENSMMUP00000028218 36.11 ENSMMUG00000021419 EIF2S1 
ENSMMUP00000009160 51.08 ENSMMUG00000006979 EIF2S3 
ENSMMUP00000014906 52.22 ENSMMUG00000011359 EIF3E 
ENSMMUP00000019674 37.81 ENSMMUG00000015010 EIF3F 
ENSMMUP00000031623 25.06 ENSMMUG00000028767 EIF3K 
ENSMMUP00000026013 70.71 ENSMMUG00000019785 EIF3L 
ENSMMUP00000037067 42.76 ENSMMUG00000009026 EIF3M 
ENSMMUP00000017746 46.16 ENSMMUG00000013499 EIF4A1 
ENSMMUP00000004942 46.40 ENSMMUG00000003702 EIF4A2 
ENSMMUP00000014489 24.47 ENSMMUG00000011066 EIF4E 
ENSMMUP00000008154 20.03 ENSMMUG00000006206 EIF5A 
ENSMMUP00000008615 36.09 ENSMMUG00000006544 ELAVL1 
ENSMMUP00000019981 34.96 ENSMMUG00000015242 ELMOD2 
ENSMMUP00000009012 25.92 ENSMMUG00000006857 ELSPBP1 
ENSMMUP00000025307 34.82 ENSMMUG00000019260 EMC2 
ENSMMUP00000024046 29.72 ENSMMUG00000018290 EMC3 
ENSMMUP00000016202 20.09 ENSMMUG00000012335 EMC4 
ENSMMUP00000025022 91.97 ENSMMUG00000019032 EML2 
ENSMMUP00000004385 30.60 ENSMMUG00000003294 ENDOG 
ENSMMUP00000030227 47.16 ENSMMUG00000022947 ENO1 
ENSMMUP00000007298 109.19 ENSMMUG00000005517 ENPEP 
ENSMMUP00000006514 105.17 ENSMMUG00000004903 ENPP2 
ENSMMUP00000033099 99.88 ENSMMUG00000017549 ENPP3 
ENSMMUP00000025289 52.76 ENSMMUG00000019244 ENPP5 
ENSMMUP00000014933 66.38 ENSMMUG00000011377 EPB41 
ENSMMUP00000010192 84.23 ENSMMUG00000007758 EPB41L2 
ENSMMUP00000022116 25.53 ENSMMUG00000016820 EPDR1 
ENSMMUP00000000852 52.96 ENSMMUG00000005782 EPHX1 
ENSMMUP00000011432 170.47 ENSMMUG00000008722 EPRS 
ENSMMUP00000002759 107.59 ENSMMUG00000002063 ERAP1 
ENSMMUP00000004093 32.47 ENSMMUG00000003067 ERGIC1 
ENSMMUP00000013942 54.92 ENSMMUG00000010640 ERLEC1 
ENSMMUP00000001266 37.81 ENSMMUG00000000943 ERLIN2 
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ENSMMUP00000032904 54.40 ENSMMUG00000029350 ERO1L 
ENSMMUP00000018289 28.94 ENSMMUG00000013916 ERP29 
ENSMMUP00000014978 46.99 ENSMMUG00000011415 ERP44 
ENSMMUP00000005628 31.55 ENSMMUG00000004209 ESD 
ENSMMUP00000028945 122.66 ENSMMUG00000021979 ESYT1 
ENSMMUP00000029434 98.91 ENSMMUG00000022361 ESYT2 
ENSMMUP00000007727 49.03 ENSMMUG00000005871 ETF1 
ENSMMUP00000014462 35.08 ENSMMUG00000011045 ETFA 
ENSMMUP00000031487 37.27 ENSMMUG00000023531 ETFB 
ENSMMUP00000006177 68.44 ENSMMUG00000004644 ETFDH 
ENSMMUP00000025310 28.03 ENSMMUG00000019264 ETHE1 
ENSMMUP00000024739 40.44 ENSMMUG00000018792 EXOG 
ENSMMUP00000025573 69.27 ENSMMUG00000019457 EZR 
ENSMMUP00000003650 62.42 ENSMMUG00000002714 FAAH 
ENSMMUP00000014308 14.76 ENSMMUG00000010906 FABP4 
ENSMMUP00000000663 15.12 ENSMMUG00000000486 FABP5 
ENSMMUP00000011887 52.65 ENSMMUG00000009059 FAF2 
ENSMMUP00000016892 34.31 ENSMMUG00000012859 FAHD2B 
ENSMMUP00000038763 116.22 ENSMMUG00000009493 FAM120A 
ENSMMUP00000038880 84.23 ENSMMUG00000009961 FAM129B 
ENSMMUP00000015956 36.49 ENSMMUG00000012162 FAM166A 
ENSMMUP00000004699 26.10 ENSMMUG00000003529 FAM177A1 
ENSMMUP00000000089 20.51 ENSMMUG00000000069 FAM210B 
ENSMMUP00000028673 24.97 ENSMMUG00000021773 FAM213A 
ENSMMUP00000011805 25.09 ENSMMUG00000009012 FAM3A 
ENSMMUP00000003288 24.71 ENSMMUG00000002440 FAM3C 
ENSMMUP00000015666 19.23 ENSMMUG00000011947 FAM3D 
ENSMMUP00000031942 36.75 ENSMMUG00000015348 FAM49B 
ENSMMUP00000014405 65.59 ENSMMUG00000010994 FAM71B 
ENSMMUP00000002902 27.40 ENSMMUG00000002178 FAM71C 
ENSMMUP00000032860 47.06 ENSMMUG00000029318 FAM71D 
ENSMMUP00000019910 40.87 ENSMMUG00000015181 FAM75D1 
ENSMMUP00000018326 47.50 ENSMMUG00000013944 FAM82A1 
ENSMMUP00000008307 35.97 ENSMMUG00000006307 FAM82B 
ENSMMUP00000021474 52.68 ENSMMUG00000016352 FARS2 
ENSMMUP00000005868 57.50 ENSMMUG00000004390 FARSA 
ENSMMUP00000010099 66.25 ENSMMUG00000007685 FARSB 
ENSMMUP00000016836 272.94 ENSMMUG00000012811 FASN 
ENSMMUP00000015496 350.94 ENSMMUG00000011810 FAT4 
ENSMMUP00000022050 45.11 ENSMMUG00000016775 FBF1 
ENSMMUP00000022058 74.62 ENSMMUG00000016775 FBF1 
ENSMMUP00000029923 33.56 ENSMMUG00000022725 FBL 
ENSMMUP00000029668 36.71 ENSMMUG00000022536 FBP1 
ENSMMUP00000025246 48.16 ENSMMUG00000019211 FDFT1 
ENSMMUP00000030467 40.55 ENSMMUG00000023144 FDPS 
ENSMMUP00000020532 53.88 ENSMMUG00000015648 FDXR 
ENSMMUP00000007489 54.71 ENSMMUG00000005667 FH 
ENSMMUP00000010397 31.89 ENSMMUG00000007922 FHL1 
ENSMMUP00000009153 22.49 ENSMMUG00000006971 FKBP11 
ENSMMUP00000037652 11.95 ENSMMUG00000015996 FKBP1A 
ENSMMUP00000016995 15.59 ENSMMUG00000012945 FKBP2 
ENSMMUP00000009718 51.69 ENSMMUG00000007405 FKBP4 
ENSMMUP00000015121 51.04 ENSMMUG00000011520 FKBP5 
ENSMMUP00000016820 384.75 ENSMMUG00000012805 FLG2 
ENSMMUP00000008510 164.07 ENSMMUG00000006457 FLJ10357 
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ENSMMUP00000000959 279.87 ENSMMUG00000013668 FLNA 
ENSMMUP00000000958 277.97 ENSMMUG00000000706 FLNB 
ENSMMUP00000018494 46.74 ENSMMUG00000014071 FLOT1 
ENSMMUP00000001002 35.95 ENSMMUG00000000744 FNDC8 
ENSMMUP00000015589 87.44 ENSMMUG00000011876 FSCB 
ENSMMUP00000020234 56.74 ENSMMUG00000015427 FSCN3 
ENSMMUP00000003870 54.28 ENSMMUG00000004216 FUCA1 
ENSMMUP00000004241 117.79 ENSMMUG00000003174 FUK 
ENSMMUP00000013416 18.23 ENSMMUG00000010248 FUNDC2 
ENSMMUP00000022920 63.93 ENSMMUG00000017409 G6PD 
ENSMMUP00000012538 103.33 ENSMMUG00000009589 GAA 
ENSMMUP00000025680 28.59 ENSMMUG00000019549 GALE 
ENSMMUP00000014431 37.77 ENSMMUG00000008248 GALM 
ENSMMUP00000016319 57.64 ENSMMUG00000012430 GALNS 
ENSMMUP00000003056 64.71 ENSMMUG00000002285 GALNT2 
ENSMMUP00000030492 70.79 ENSMMUG00000023165 GALNT6 
ENSMMUP00000004065 26.15 ENSMMUG00000003046 GAMT 
ENSMMUP00000037372 106.94 ENSMMUG00000018117 GANAB 
ENSMMUP00000007714 35.98 ENSMMUG00000018679 GAPDH 
ENSMMUP00000001132 44.60 ENSMMUG00000000837 GAPDHS 
ENSMMUP00000006220 33.79 ENSMMUG00000004679 GBAS 
ENSMMUP00000003992 206.41 ENSMMUG00000002985 GBF1 
ENSMMUP00000020005 47.70 ENSMMUG00000015258 GCAT 
ENSMMUP00000031790 48.30 ENSMMUG00000007043 GCDH 
ENSMMUP00000011388 72.69 ENSMMUG00000008684 GCLC 
ENSMMUP00000018211 30.67 ENSMMUG00000013857 GCLM 
ENSMMUP00000012007 293.13 ENSMMUG00000009152 GCN1L1 
ENSMMUP00000017526 37.72 ENSMMUG00000013331 GDE1 
ENSMMUP00000007275 50.63 ENSMMUG00000005502 GDI1 
ENSMMUP00000017317 50.71 ENSMMUG00000013182 GDI2 
ENSMMUP00000022458 35.96 ENSMMUG00000017063 GET4 
ENSMMUP00000018147 76.81 ENSMMUG00000013797 GFPT1 
ENSMMUP00000016476 21.02 ENSMMUG00000012550 GGCT 
ENSMMUP00000011993 36.13 ENSMMUG00000009146 GGH 
ENSMMUP00000008449 57.39 ENSMMUG00000006407 GHDC 
ENSMMUP00000035885 35.50 ENSMMUG00000018572 GHITM 
ENSMMUP00000022823 57.46 ENSMMUG00000017343 GK 
ENSMMUP00000025719 48.86 ENSMMUG00000019577 GLA 
ENSMMUP00000026471 37.98 ENSMMUG00000020109 GLB1 
ENSMMUP00000025776 74.08 ENSMMUG00000019624 GLB1L 
ENSMMUP00000011282 34.65 ENSMMUG00000008602 GLB1L2 
ENSMMUP00000000318 138.07 ENSMMUG00000000226 GLG1 
ENSMMUP00000016124 27.12 ENSMMUG00000012289 GLIPR1L1 
ENSMMUP00000013359 17.23 ENSMMUG00000010213 GLIPR2 
ENSMMUP00000002187 20.71 ENSMMUG00000001638 GLO1 
ENSMMUP00000014980 33.25 ENSMMUG00000011417 GLOD4 
ENSMMUP00000009852 15.62 ENSMMUG00000007505 GLOD5 
ENSMMUP00000024249 37.48 ENSMMUG00000018429 GLRX3 
ENSMMUP00000022473 16.66 ENSMMUG00000017079 GLRX5 
ENSMMUP00000016448 42.01 ENSMMUG00000012526 GLT8D1 
ENSMMUP00000029967 23.85 ENSMMUG00000022761 GLTP 
ENSMMUP00000018235 24.49 ENSMMUG00000013875 GLTPD1 
ENSMMUP00000029068 61.85 ENSMMUG00000022075 GLUD1 
ENSMMUP00000030136 42.06 ENSMMUG00000022884 GLUL 
ENSMMUP00000030116 20.88 ENSMMUG00000022869 GM2A 
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ENSMMUP00000016177 13.93 ENSMMUG00000012326 GMFB 
ENSMMUP00000017915 17.87 ENSMMUG00000013627 GML 
ENSMMUP00000037539 46.29 ENSMMUG00000017938 GMPPA 
ENSMMUP00000019150 39.93 ENSMMUG00000014584 GMPPB 
ENSMMUP00000016358 37.98 ENSMMUG00000012455 GMPR2 
ENSMMUP00000003957 42.12 ENSMMUG00000002961 GNA11 
ENSMMUP00000026481 40.45 ENSMMUG00000020116 GNAI2 
ENSMMUP00000007669 40.53 ENSMMUG00000005818 GNAI3 
ENSMMUP00000013450 78.60 ENSMMUG00000010266 GNAS 
ENSMMUP00000002526 37.38 ENSMMUG00000001896 GNB1 
ENSMMUP00000005451 21.62 ENSMMUG00000004080 GNB2 
ENSMMUP00000004809 33.39 ENSMMUG00000003604 GNB2L1 
ENSMMUP00000007650 77.41 ENSMMUG00000005801 GNPAT 
ENSMMUP00000012781 32.64 ENSMMUG00000009770 GNPDA1 
ENSMMUP00000012150 31.10 ENSMMUG00000009273 GNPDA2 
ENSMMUP00000015194 20.75 ENSMMUG00000011571 GNPNAT1 
ENSMMUP00000021201 15.82 ENSMMUG00000016120 GOLGA7 
ENSMMUP00000018343 32.91 ENSMMUG00000013957 GOLPH3 
ENSMMUP00000014233 15.43 ENSMMUG00000010859 GOLT1B 
ENSMMUP00000038168 47.02 ENSMMUG00000015203 GORASP2 
ENSMMUP00000031222 28.64 ENSMMUG00000023698 GOSR1 
ENSMMUP00000013572 47.17 ENSMMUG00000010356 GOT1 
ENSMMUP00000007886 47.44 ENSMMUG00000006000 GOT2 
ENSMMUP00000009878 94.26 ENSMMUG00000007526 GPAM 
ENSMMUP00000008603 35.79 ENSMMUG00000006532 GPD1 
ENSMMUP00000025883 36.80 ENSMMUG00000019696 GPD1L 
ENSMMUP00000006506 80.83 ENSMMUG00000004897 GPD2 
ENSMMUP00000007737 63.15 ENSMMUG00000005880 GPI 
ENSMMUP00000005621 66.51 ENSMMUG00000004200 GPR107 
ENSMMUP00000041184 111.41 ENSMMUG00000020515 GPR64 
ENSMMUP00000016813 55.43 ENSMMUG00000012800 GPS1 
ENSMMUP00000017012 16.16 ENSMMUG00000012963 GPX1 
ENSMMUP00000032020 8.04 ENSMMUG00000028946 GPX4 
ENSMMUP00000006145 25.21 ENSMMUG00000004618 GPX5 
ENSMMUP00000022370 24.25 ENSMMUG00000017003 GRPEL1 
ENSMMUP00000002642 48.66 ENSMMUG00000001980 GSK3B 
ENSMMUP00000017094 80.57 ENSMMUG00000013020 GSN 
ENSMMUP00000023584 52.34 ENSMMUG00000017940 GSS 
ENSMMUP00000033535 25.65 ENSMMUG00000017137 GSTA3 
ENSMMUP00000016585 30.86 ENSMMUG00000012628 GSTK1 
ENSMMUP00000010527 26.61 ENSMMUG00000008029 GSTM3 
ENSMMUP00000025789 25.76 ENSMMUG00000019630 GSTM4 
ENSMMUP00000025790 25.71 ENSMMUG00000019630 GSTM4 
ENSMMUP00000020110 27.62 ENSMMUG00000015334 GSTO1 
ENSMMUP00000020113 25.29 ENSMMUG00000015337 GSTO2 
ENSMMUP00000024369 21.02 ENSMMUG00000018524 GSTP1 
ENSMMUP00000024380 27.77 ENSMMUG00000018530 GSTT2 
ENSMMUP00000001461 24.06 ENSMMUG00000001097 GSTZ1 
ENSMMUP00000012925 123.52 ENSMMUG00000009870 GUCY2C 
ENSMMUP00000038464 19.20 ENSMMUG00000023085 GUK1 
ENSMMUP00000023669 16.49 ENSMMUG00000018013 H2AFJ 
ENSMMUP00000006168 15.59 ENSMMUG00000000962 H2AFV 
ENSMMUP00000008438 39.62 ENSMMUG00000014465 H2AFY 
ENSMMUP00000030606 42.23 ENSMMUG00000023254 HADH 
ENSMMUP00000005853 83.05 ENSMMUG00000004380 HADHA 
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ENSMMUP00000005855 50.16 ENSMMUG00000004381 HADHB 
ENSMMUP00000000990 33.90 ENSMMUG00000000737 HAGH 
ENSMMUP00000012197 72.60 ENSMMUG00000009308 HAL 
ENSMMUP00000041374 15.23 ENSMMUG00000032607 HBA2 
ENSMMUP00000006468 16.11 ENSMMUG00000004867 HBB 
ENSMMUP00000014409 28.82 ENSMMUG00000010999 HDHD2 
ENSMMUP00000009420 28.16 ENSMMUG00000007187 HDHD3 
ENSMMUP00000019841 242.62 ENSMMUG00000015135 HEATR1 
ENSMMUP00000019309 185.34 ENSMMUG00000014716 HEATR7A 
ENSMMUP00000006344 180.65 ENSMMUG00000004774 HEATR7B2 
ENSMMUP00000023202 21.09 ENSMMUG00000017633 HEBP1 
ENSMMUP00000005845 495.52 ENSMMUG00000004370 HERC2 
ENSMMUP00000026294 62.90 ENSMMUG00000019997 HEXB 
ENSMMUP00000030452 37.68 ENSMMUG00000023134 HIBADH 
ENSMMUP00000009546 43.45 ENSMMUG00000007283 HIBCH 
ENSMMUP00000013065 13.77 ENSMMUG00000009985 HINT1 
ENSMMUP00000021458 17.22 ENSMMUG00000016337 HINT2 
ENSMMUP00000005744 20.39 ENSMMUG00000004291 HINT3 
ENSMMUP00000029042 22.33 ENSMMUG00000022050 HIST1H1D 
ENSMMUP00000003468 14.21 ENSMMUG00000031475 HIST1H2BA 
ENSMMUP00000012594 13.90 ENSMMUG00000029908 HIST1H2BK 
ENSMMUP00000003763 13.91 ENSMMUG00000029911 HIST1H2BO 
ENSMMUP00000040172 11.37 ENSMMUG00000032119 HIST1H4K 
ENSMMUP00000020072 102.09 ENSMMUG00000015302 HK1 
ENSMMUP00000015543 98.90 ENSMMUG00000011845 HK2 
ENSMMUP00000006782 41.38 ENSMMUG00000005119 HM13 
ENSMMUP00000040437 22.82 ENSMMUG00000006238 HMGB4 
ENSMMUP00000025677 34.03 ENSMMUG00000019548 HMGCL 
ENSMMUP00000012959 36.05 ENSMMUG00000009901 HMOX2 
ENSMMUP00000009079 33.39 ENSMMUG00000006918 HNMT 
ENSMMUP00000015646 30.73 ENSMMUG00000011929 HNRNPA0 
ENSMMUP00000017059 29.39 ENSMMUG00000012989 HNRNPA1 
ENSMMUP00000004838 37.30 ENSMMUG00000003619 HNRNPA2B1 
ENSMMUP00000002473 38.06 ENSMMUG00000001858 HNRNPA3 
ENSMMUP00000005328 35.98 ENSMMUG00000003996 HNRNPAB 
ENSMMUP00000024759 33.67 ENSMMUG00000014809 HNRNPC 
ENSMMUP00000018439 38.43 ENSMMUG00000014030 HNRNPD 
ENSMMUP00000027607 45.67 ENSMMUG00000020982 HNRNPF 
ENSMMUP00000025720 49.26 ENSMMUG00000019580 HNRNPH2 
ENSMMUP00000012822 36.93 ENSMMUG00000009792 HNRNPH3 
ENSMMUP00000012171 50.98 ENSMMUG00000018871 HNRNPK 
ENSMMUP00000006484 64.29 ENSMMUG00000004877 HNRNPL 
ENSMMUP00000024752 77.62 ENSMMUG00000018806 HNRNPM 
ENSMMUP00000027771 83.96 ENSMMUG00000021098 HNRNPU 
ENSMMUP00000026348 34.82 ENSMMUG00000020033 HOGA1 
ENSMMUP00000036763 22.29 ENSMMUG00000020440 HPCAL1 
ENSMMUP00000029279 23.32 ENSMMUG00000022244 HPGDS 
ENSMMUP00000010889 23.77 ENSMMUG00000008303 HPRT1 
ENSMMUP00000010144 51.56 ENSMMUG00000007725 HPX 
ENSMMUP00000028522 21.30 ENSMMUG00000021659 HRAS 
ENSMMUP00000012180 27.10 ENSMMUG00000009296 HSD17B10 
ENSMMUP00000025031 32.97 ENSMMUG00000019041 HSD17B11 
ENSMMUP00000024289 34.63 ENSMMUG00000018465 HSD17B12 
ENSMMUP00000023268 79.27 ENSMMUG00000017685 HSD17B4 
ENSMMUP00000012224 29.13 ENSMMUG00000009332 HSD17B7 
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ENSMMUP00000005152 26.97 ENSMMUG00000003861 HSD17B8 
ENSMMUP00000021766 42.19 ENSMMUG00000016568 HSD3B1 
ENSMMUP00000026386 36.99 ENSMMUG00000020055 HSDL1 
ENSMMUP00000015299 45.38 ENSMMUG00000011654 HSDL2 
ENSMMUP00000029862 84.59 ENSMMUG00000022686 HSP90AB1 
ENSMMUP00000034047 69.58 ENSMMUG00000029821 HSPA1B 
ENSMMUP00000034051 70.37 ENSMMUG00000029822 HSPA1L 
ENSMMUP00000012300 94.38 ENSMMUG00000009396 HSPA4 
ENSMMUP00000019984 94.80 ENSMMUG00000015245 HSPA4L 
ENSMMUP00000006906 72.33 ENSMMUG00000005217 HSPA5 
ENSMMUP00000006240 70.90 ENSMMUG00000004696 HSPA8 
ENSMMUP00000007731 73.65 ENSMMUG00000005875 HSPA9 
ENSMMUP00000005514 22.78 ENSMMUG00000004124 HSPB1 
ENSMMUP00000016126 58.35 ENSMMUG00000011073 HSPCA 
ENSMMUP00000013745 61.21 ENSMMUG00000010489 HSPD1 
ENSMMUP00000014044 27.00 ENSMMUG00000010718 HTATIP2 
ENSMMUP00000002848 46.32 ENSMMUG00000002136 HTRA2 
ENSMMUP00000008397 481.77 ENSMMUG00000006362 HUWE1 
ENSMMUP00000036656 111.20 ENSMMUG00000030891 HYOU1 
ENSMMUP00000023712 25.84 ENSMMUG00000018045 IAH1 
ENSMMUP00000006157 144.36 ENSMMUG00000004628 IARS 
ENSMMUP00000010225 106.53 ENSMMUG00000007783 IARS2 
ENSMMUP00000030629 114.23 ENSMMUG00000023267 IDE 
ENSMMUP00000021152 46.68 ENSMMUG00000016077 IDH1 
ENSMMUP00000019472 50.88 ENSMMUG00000014833 IDH2 
ENSMMUP00000033388 39.62 ENSMMUG00000011838 IDH3A 
ENSMMUP00000028090 42.25 ENSMMUG00000021328 IDH3B 
ENSMMUP00000004496 39.17 ENSMMUG00000003374 IDH3G 
ENSMMUP00000022523 31.92 ENSMMUG00000017115 IDI1 
ENSMMUP00000040716 63.92 ENSMMUG00000032299 IDUA 
ENSMMUP00000017432 13.96 ENSMMUG00000013257 IFITM1 
ENSMMUP00000020544 275.15 ENSMMUG00000015658 IGF2R 
ENSMMUP00000008123 60.10 ENSMMUG00000015202 IGHM 
ENSMMUP00000036342 25.45 ENSMMUG00000030769 IGKV1-5 
ENSMMUP00000026006 30.70 ENSMMUG00000019777 IL1A 
ENSMMUP00000027291 44.86 ENSMMUG00000020739 IL1RII 
ENSMMUP00000010668 43.06 ENSMMUG00000008149 ILF2 
ENSMMUP00000019253 94.98 ENSMMUG00000014673 ILF3 
ENSMMUP00000010154 67.92 ENSMMUG00000007729 ILVBL 
ENSMMUP00000037065 18.56 ENSMMUG00000016806 IMMP1L 
ENSMMUP00000020382 19.72 ENSMMUG00000015535 IMMP2L 
ENSMMUP00000020799 61.16 ENSMMUG00000015824 IMMT 
ENSMMUP00000003532 30.27 ENSMMUG00000002628 IMPA1 
ENSMMUP00000019225 38.74 ENSMMUG00000014650 IMPAD1 
ENSMMUP00000007479 55.79 ENSMMUG00000005656 IMPDH2 
ENSMMUP00000003178 51.23 ENSMMUG00000002373 INPP5K 
ENSMMUP00000016402 118.41 ENSMMUG00000012481 IPO4 
ENSMMUP00000017795 125.51 ENSMMUG00000013531 IPO5 
ENSMMUP00000029772 107.40 ENSMMUG00000023636 IPO7 
ENSMMUP00000015598 189.37 ENSMMUG00000011882 IQGAP1 
ENSMMUP00000030270 178.08 ENSMMUG00000022982 IQGAP2 
ENSMMUP00000015146 92.43 ENSMMUG00000011536 IQUB 
ENSMMUP00000004535 14.18 ENSMMUG00000003399 ISCA1 
ENSMMUP00000008642 17.03 ENSMMUG00000006566 ISCA2 
ENSMMUP00000022531 17.91 ENSMMUG00000017126 ISCU 
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ENSMMUP00000018353 22.22 ENSMMUG00000013965 ISOC1 
ENSMMUP00000016681 24.05 ENSMMUG00000012704 ISOC2 
ENSMMUP00000027895 53.71 ENSMMUG00000021183 ISYNA1 
ENSMMUP00000026922 127.13 ENSMMUG00000020448 ITGA2 
ENSMMUP00000000216 118.41 ENSMMUG00000000153 ITGA3 
ENSMMUP00000003172 122.09 ENSMMUG00000002370 ITGA6 
ENSMMUP00000023374 74.05 ENSMMUG00000017767 ITGB1 
ENSMMUP00000020838 104.38 ENSMMUG00000015850 ITIH5 
ENSMMUP00000010359 30.34 ENSMMUG00000007888 ITM2B 
ENSMMUP00000016509 314.30 ENSMMUG00000012574 ITPR1 
ENSMMUP00000018989 46.17 ENSMMUG00000014462 IVD 
ENSMMUP00000020543 24.51 ENSMMUG00000015660 IZUMO4 
ENSMMUP00000017141 81.78 ENSMMUG00000013048 JUP 
ENSMMUP00000007598 67.93 ENSMMUG00000005754 KARS 
ENSMMUP00000040648 46.53 ENSMMUG00000016837 KCNAB2 
ENSMMUP00000028260 35.69 ENSMMUG00000021453 KCTD12 
ENSMMUP00000017170 24.54 ENSMMUG00000013072 KDELR1 
ENSMMUP00000035499 24.42 ENSMMUG00000030415 KDELR2 
ENSMMUP00000008807 109.49 ENSMMUG00000006688 KIAA0090 
ENSMMUP00000004713 134.32 ENSMMUG00000003538 KIAA0196 
ENSMMUP00000010987 213.69 ENSMMUG00000008376 KIAA1217 
ENSMMUP00000002606 110.19 ENSMMUG00000001949 KIAA1407 
ENSMMUP00000001198 84.67 ENSMMUG00000000894 KIAA1524 
ENSMMUP00000021476 125.30 ENSMMUG00000016354 KIAA1683 
ENSMMUP00000028959 102.86 ENSMMUG00000021991 KIAA1967 
ENSMMUP00000016372 67.27 ENSMMUG00000012469 KIAA2013 
ENSMMUP00000014813 109.64 ENSMMUG00000015058 KIF5B 
ENSMMUP00000007840 61.61 ENSMMUG00000005961 KLHL10 
ENSMMUP00000025988 81.37 ENSMMUG00000019760 KPNB1 
ENSMMUP00000002623 64.27 ENSMMUG00000001965 KPRP 
ENSMMUP00000022305 65.21 ENSMMUG00000016962 KRT1 
ENSMMUP00000001994 57.17 ENSMMUG00000001500 KRT10 
ENSMMUP00000024530 48.36 ENSMMUG00000018647 KRT15 
ENSMMUP00000012953 51.55 ENSMMUG00000009893 KRT16 
ENSMMUP00000034503 51.88 ENSMMUG00000009893 KRT16 
ENSMMUP00000012954 48.04 ENSMMUG00000009895 KRT17 
ENSMMUP00000023022 48.06 ENSMMUG00000031911 KRT18 
ENSMMUP00000003083 65.50 ENSMMUG00000002305 KRT2 
ENSMMUP00000031061 53.83 ENSMMUG00000023592 KRT24 
ENSMMUP00000001987 49.15 ENSMMUG00000001492 KRT25 
ENSMMUP00000019638 63.53 ENSMMUG00000014982 KRT3 
ENSMMUP00000014089 49.52 ENSMMUG00000010757 KRT34 
ENSMMUP00000019643 56.09 ENSMMUG00000014984 KRT4 
ENSMMUP00000003320 62.61 ENSMMUG00000002468 KRT5 
ENSMMUP00000018916 57.28 ENSMMUG00000014400 KRT71 
ENSMMUP00000006647 56.12 ENSMMUG00000005021 KRT78 
ENSMMUP00000002883 53.66 ENSMMUG00000002163 KRT8 
ENSMMUP00000039631 50.53 ENSMMUG00000010002 KRT80 
ENSMMUP00000023954 55.18 ENSMMUG00000031925 KRT83 
ENSMMUP00000023956 55.82 ENSMMUG00000018216 KRT85 
ENSMMUP00000011205 62.34 ENSMMUG00000008543 KRT9 
ENSMMUP00000009796 50.36 ENSMMUG00000007468 L2HGDH 
ENSMMUP00000018124 202.69 ENSMMUG00000013782 LAMA4 
ENSMMUP00000012814 44.59 ENSMMUG00000009790 LAMP1 
ENSMMUP00000001976 45.05 ENSMMUG00000001484 LAMP2 
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ENSMMUP00000038791 13.51 ENSMMUG00000012126 LAMTOR2 
ENSMMUP00000013789 45.27 ENSMMUG00000010520 LANCL1 
ENSMMUP00000007569 56.21 ENSMMUG00000005732 LAP3 
ENSMMUP00000033930 62.83 ENSMMUG00000029787 LARS 
ENSMMUP00000007821 38.55 ENSMMUG00000005942 LCMT1 
ENSMMUP00000031347 22.45 ENSMMUG00000023801 LCN2 
ENSMMUP00000024683 19.95 ENSMMUG00000018754 LCN6 
ENSMMUP00000002436 19.09 ENSMMUG00000001834 LCN8 
ENSMMUP00000028314 20.63 ENSMMUG00000021494 LCN9 
ENSMMUP00000036329 70.31 ENSMMUG00000017033 LCP1 
ENSMMUP00000037015 36.63 ENSMMUG00000031024 LDHA 
ENSMMUP00000016981 42.00 ENSMMUG00000012934 LDHAL6B 
ENSMMUP00000003608 36.64 ENSMMUG00000002679 LDHB 
ENSMMUP00000037017 36.33 ENSMMUG00000014615 LDHC 
ENSMMUP00000012358 10.12 ENSMMUG00000009451 LELP1 
ENSMMUP00000028626 57.68 ENSMMUG00000021734 LEMD2 
ENSMMUP00000026229 82.72 ENSMMUG00000019948 LETM1 
ENSMMUP00000022609 13.55 ENSMMUG00000017187 LGALS1 
ENSMMUP00000004746 26.09 ENSMMUG00000003565 LGALS3 
ENSMMUP00000025835 65.19 ENSMMUG00000019662 LGALS3BP 
ENSMMUP00000026837 15.12 ENSMMUG00000020396 LGALS7 
ENSMMUP00000023553 114.98 ENSMMUG00000017916 LIPE 
ENSMMUP00000017195 25.16 ENSMMUG00000013094 LIPT2 
ENSMMUP00000009951 57.36 ENSMMUG00000007580 LMAN1 
ENSMMUP00000021277 28.68 ENSMMUG00000016192 LMAN2 
ENSMMUP00000015077 39.81 ENSMMUG00000011487 LMAN2L 
ENSMMUP00000036859 77.73 ENSMMUG00000030970 LMF2 
ENSMMUP00000021173 74.07 ENSMMUG00000016096 LMNA 
ENSMMUP00000001116 66.45 ENSMMUG00000000823 LMNB1 
ENSMMUP00000001595 57.65 ENSMMUG00000001192 LMNB2 
ENSMMUP00000020086 16.56 ENSMMUG00000015318 LOC100428810 
ENSMMUP00000014683 15.28 ENSMMUG00000011204 LOC100429989 
ENSMMUP00000009180 25.34 ENSMMUG00000020092 LOC100430606 
ENSMMUP00000018083 21.63 ENSMMUG00000013755 LOC693706 
ENSMMUP00000026983 21.49 ENSMMUG00000020488 LOC694140 
ENSMMUP00000032571 87.86 ENSMMUG00000029195 LOC694228 
ENSMMUP00000039561 51.52 ENSMMUG00000003425 LOC695041 
ENSMMUP00000000007 26.44 ENSMMUG00000000010 LOC695440 
ENSMMUP00000032229 9.80 ENSMMUG00000029038 LOC695446 
ENSMMUP00000032228 8.75 ENSMMUG00000029037 LOC695789 
ENSMMUP00000019696 9.50 ENSMMUG00000015027 LOC696068 
ENSMMUP00000021042 12.04 ENSMMUG00000016000 LOC696956 
ENSMMUP00000033712 21.65 ENSMMUG00000029695 LOC697499 
ENSMMUP00000028827 25.76 ENSMMUG00000021893 LOC697586 
ENSMMUP00000038157 19.91 ENSMMUG00000000079 LOC697817 
ENSMMUP00000022990 16.84 ENSMMUG00000017466 LOC698552 
ENSMMUP00000029582 14.81 ENSMMUG00000022489 LOC702174 
ENSMMUP00000021667 13.73 ENSMMUG00000016490 LOC703055 
ENSMMUP00000026408 12.05 ENSMMUG00000020073 LOC703120 
ENSMMUP00000011552 21.54 ENSMMUG00000008810 LOC703201 
ENSMMUP00000015513 12.31 ENSMMUG00000011825 LOC705533 
ENSMMUP00000017010 16.68 ENSMMUG00000012962 LOC706455 
ENSMMUP00000006722 35.22 ENSMMUG00000005072 LOC706896 
ENSMMUP00000024535 44.05 ENSMMUG00000018653 LOC707129 
ENSMMUP00000006702 26.89 ENSMMUG00000005057 LOC707898 
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ENSMMUP00000023949 19.87 ENSMMUG00000018208 LOC709602 
ENSMMUP00000003339 51.70 ENSMMUG00000002483 LOC709604 
ENSMMUP00000023737 13.75 ENSMMUG00000018066 LOC710075 
ENSMMUP00000030221 10.95 ENSMMUG00000032033 LOC711695 
ENSMMUP00000034206 15.33 ENSMMUG00000029868 LOC711912 
ENSMMUP00000028333 15.49 ENSMMUG00000021509 LOC712324 
ENSMMUP00000012496 7.43 ENSMMUG00000009560 LOC712464 
ENSMMUP00000036597 65.93 ENSMMUG00000030864 LOC713452 
ENSMMUP00000006809 28.42 ENSMMUG00000005141 LOC713469 
ENSMMUP00000032789 81.94 ENSMMUG00000029297 LOC713573 
ENSMMUP00000038917 16.00 ENSMMUG00000020634 LOC713785 
ENSMMUP00000037157 164.09 ENSMMUG00000031049 LOC713845 
ENSMMUP00000041081 31.94 ENSMMUG00000032463 LOC715166 
ENSMMUP00000030137 34.20 ENSMMUG00000022885 LOC717930 
ENSMMUP00000023964 21.17 ENSMMUG00000018224 LOC718882 
ENSMMUP00000037953 31.63 ENSMMUG00000015913 LOC718942 
ENSMMUP00000033804 14.36 ENSMMUG00000029756 LOC719029 
ENSMMUP00000031752 20.64 ENSMMUG00000028844 LOC719242 
ENSMMUP00000023960 59.95 ENSMMUG00000018220 LOC719283 
ENSMMUP00000007013 65.68 ENSMMUG00000005302 LOC720485 
ENSMMUP00000041329 14.77 ENSMMUG00000023179 LOC722263 
ENSMMUP00000001106 30.22 ENSMMUG00000000813 LOC915272 
ENSMMUP00000027255 99.38 ENSMMUG00000020707 LONP1 
ENSMMUP00000005968 60.23 ENSMMUG00000004478 LPCAT2 
ENSMMUP00000013352 55.96 ENSMMUG00000010210 LPCAT3 
ENSMMUP00000002964 318.90 ENSMMUG00000002212 LRBA 
ENSMMUP00000022551 517.07 ENSMMUG00000017143 LRP2 
ENSMMUP00000026087 158.31 ENSMMUG00000019841 LRPPRC 
ENSMMUP00000014470 59.26 ENSMMUG00000011049 LRRC1 
ENSMMUP00000040314 40.05 ENSMMUG00000001781 LRRC23 
ENSMMUP00000020459 24.00 ENSMMUG00000015595 LRRC24 
ENSMMUP00000028813 49.84 ENSMMUG00000021879 LRRC34 
ENSMMUP00000003931 61.21 ENSMMUG00000002942 LRRC48 
ENSMMUP00000002062 26.75 ENSMMUG00000001544 LRRC57 
ENSMMUP00000012199 69.35 ENSMMUG00000009312 LTA4H 
ENSMMUP00000016746 35.76 ENSMMUG00000012749 LTB4DH 
ENSMMUP00000016249 16.53 ENSMMUG00000012373 LTC4S 
ENSMMUP00000006580 25.83 ENSMMUG00000004963 LXN 
ENSMMUP00000025574 27.97 ENSMMUG00000019458 LY6K 
ENSMMUP00000017635 26.72 ENSMMUG00000013425 LYPD4 
ENSMMUP00000017285 22.89 ENSMMUG00000013157 LYPLA1 
ENSMMUP00000010258 26.63 ENSMMUG00000007806 LYPLAL1 
ENSMMUP00000011770 16.41 ENSMMUG00000008987 LYZ 
ENSMMUP00000023139 16.34 ENSMMUG00000017576 LYZL4 
ENSMMUP00000009005 16.82 ENSMMUG00000006850 LYZL6 
ENSMMUP00000013784 34.46 ENSMMUG00000010516 LZTFL1 
ENSMMUP00000023466 31.10 ENSMMUG00000017846 M6PR 
ENSMMUP00000000654 35.52 ENSMMUG00000000479 MACROD1 
ENSMMUP00000006737 17.31 ENSMMUG00000005082 MAGOHB 
ENSMMUP00000018926 38.19 ENSMMUG00000014407 MAGT1 
ENSMMUP00000010539 58.69 ENSMMUG00000008036 MAN1B1 
ENSMMUP00000022170 112.58 ENSMMUG00000016863 MAN2B1 
ENSMMUP00000012157 115.84 ENSMMUG00000009279 MAN2C1 
ENSMMUP00000005726 21.01 ENSMMUG00000004278 MANF 
ENSMMUP00000025612 40.79 ENSMMUG00000019489 MAOA 
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ENSMMUP00000016444 41.39 ENSMMUG00000012524 MAPK1 
ENSMMUP00000008978 13.69 ENSMMUG00000006830 MAPKSP1 
ENSMMUP00000006403 31.23 ENSMMUG00000004816 March5 
ENSMMUP00000014784 101.15 ENSMMUG00000011277 MARS 
ENSMMUP00000024512 43.72 ENSMMUG00000018634 MAT1A 
ENSMMUP00000018373 36.40 ENSMMUG00000013980 MAT2B 
ENSMMUP00000013840 80.40 ENSMMUG00000010553 MCCC1 
ENSMMUP00000019905 61.68 ENSMMUG00000015175 MCCC2 
ENSMMUP00000011850 20.52 ENSMMUG00000009043 MCTS1 
ENSMMUP00000008104 31.71 ENSMMUG00000006163 MDH1 
ENSMMUP00000012976 33.23 ENSMMUG00000009917 MDH2 
ENSMMUP00000028977 59.10 ENSMMUG00000022001 ME2 
ENSMMUP00000020542 40.47 ENSMMUG00000015659 MECR 
ENSMMUP00000026081 50.34 ENSMMUG00000019836 MEF2C 
ENSMMUP00000004415 36.83 ENSMMUG00000003311 MEP50 
ENSMMUP00000012314 16.60 ENSMMUG00000009409 MESDC2 
ENSMMUP00000024321 28.11 ENSMMUG00000018485 METTL7A 
ENSMMUP00000017373 27.74 ENSMMUG00000013225 METTL7B 
ENSMMUP00000018231 35.25 ENSMMUG00000013872 METTL9 
ENSMMUP00000003156 17.71 ENSMMUG00000002359 MGST1 
ENSMMUP00000028972 16.65 ENSMMUG00000021999 MGST2 
ENSMMUP00000020982 16.49 ENSMMUG00000015948 MGST3 
ENSMMUP00000001368 212.77 ENSMMUG00000001021 MIA3 
ENSMMUP00000000258 32.14 ENSMMUG00000000183 MLEC 
ENSMMUP00000007115 46.87 ENSMMUG00000005382 MMAA 
ENSMMUP00000038677 26.49 ENSMMUG00000011665 MMAB 
ENSMMUP00000008763 85.47 ENSMMUG00000006662 MME 
ENSMMUP00000014000 25.66 ENSMMUG00000010685 MMU.11101 
ENSMMUP00000000566 35.81 ENSMMUG00000000420 MMU.16992 
ENSMMUP00000003668 92.12 ENSMMUG00000002726 MOGS 
ENSMMUP00000001286 190.36 ENSMMUG00000000956 MON2 
ENSMMUP00000020309 37.85 ENSMMUG00000015483 MOSC2 
ENSMMUP00000028216 77.54 ENSMMUG00000021417 MPP5 
ENSMMUP00000016216 33.68 ENSMMUG00000012350 MPST 
ENSMMUP00000031784 33.66 ENSMMUG00000018068 MRI1 
ENSMMUP00000003494 20.63 ENSMMUG00000002599 MRPL13 
ENSMMUP00000031295 33.48 ENSMMUG00000023758 MRPL19 
ENSMMUP00000013238 23.13 ENSMMUG00000010124 MRPL21 
ENSMMUP00000027952 23.68 ENSMMUG00000021229 MRPL22 
ENSMMUP00000000050 24.73 ENSMMUG00000000039 MRPL24 
ENSMMUP00000000820 30.19 ENSMMUG00000000609 MRPL28 
ENSMMUP00000023169 38.96 ENSMMUG00000017605 MRPL39 
ENSMMUP00000013992 28.65 ENSMMUG00000010679 MRPL43 
ENSMMUP00000008101 37.53 ENSMMUG00000006160 MRPL44 
ENSMMUP00000040149 32.92 ENSMMUG00000021597 MRPS2 
ENSMMUP00000028180 10.72 ENSMMUG00000021391 MRPS21 
ENSMMUP00000004070 41.32 ENSMMUG00000003048 MRPS22 
ENSMMUP00000006825 20.13 ENSMMUG00000005157 MRPS25 
ENSMMUP00000023539 47.96 ENSMMUG00000017905 MRPS27 
ENSMMUP00000028636 36.93 ENSMMUG00000021741 MRPS35 
ENSMMUP00000004637 45.84 ENSMMUG00000003475 MST4 
ENSMMUP00000001509 31.24 ENSMMUG00000001137 MTAP 
ENSMMUP00000028940 41.57 ENSMMUG00000021976 MTCH1 
ENSMMUP00000018670 63.86 ENSMMUG00000014210 MTDH 
ENSMMUP00000001760 101.37 ENSMMUG00000001319 MTHFD1 
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ENSMMUP00000036544 80.54 ENSMMUG00000030833 MTIF2 
ENSMMUP00000025391 289.16 ENSMMUG00000019325 MTOR 
ENSMMUP00000011149 51.32 ENSMMUG00000008506 MTX1 
ENSMMUP00000013319 29.69 ENSMMUG00000010185 MTX2 
ENSMMUP00000003310 83.10 ENSMMUG00000002458 MUT 
ENSMMUP00000015309 42.54 ENSMMUG00000011663 MVK 
ENSMMUP00000021569 93.89 ENSMMUG00000016422 MVP 
ENSMMUP00000031470 30.68 ENSMMUG00000000236 MYADM 
ENSMMUP00000031349 90.31 ENSMMUG00000023803 MYH10 
ENSMMUP00000008019 222.54 ENSMMUG00000010367 MYH11 
ENSMMUP00000012770 223.70 ENSMMUG00000009759 MYH13 
ENSMMUP00000001915 203.32 ENSMMUG00000001427 MYH14 
ENSMMUP00000022944 168.52 ENSMMUG00000001427 MYH14 
ENSMMUP00000012779 222.53 ENSMMUG00000009763 MYH8 
ENSMMUP00000008018 214.47 ENSMMUG00000006101 MYH9 
ENSMMUP00000039421 16.93 ENSMMUG00000031838 MYL6B 
ENSMMUP00000016643 237.08 ENSMMUG00000012672 MYO10 
ENSMMUP00000002359 131.85 ENSMMUG00000001761 MYO1B 
ENSMMUP00000003176 113.31 ENSMMUG00000002371 MYO1C 
ENSMMUP00000019272 115.19 ENSMMUG00000014689 MYO1D 
ENSMMUP00000021362 152.03 ENSMMUG00000016256 MYO3B 
ENSMMUP00000004057 212.83 ENSMMUG00000003041 MYO5B 
ENSMMUP00000009855 166.60 ENSMMUG00000007504 MYO5C 
ENSMMUP00000033398 144.85 ENSMMUG00000005032 MYO6 
ENSMMUP00000008998 232.17 ENSMMUG00000006841 MYOF 
ENSMMUP00000004102 20.95 ENSMMUG00000003073 NACA 
ENSMMUP00000015710 78.56 ENSMMUG00000011977 NADSYN1 
ENSMMUP00000000004 40.71 ENSMMUG00000000005 NAGA 
ENSMMUP00000002797 37.30 ENSMMUG00000002096 NAGK 
ENSMMUP00000012278 74.52 ENSMMUG00000009376 NAGLU 
ENSMMUP00000020440 37.35 ENSMMUG00000015583 NAP1L1 
ENSMMUP00000031552 33.23 ENSMMUG00000014727 NAPA 
ENSMMUP00000026267 62.85 ENSMMUG00000019974 NARS 
ENSMMUP00000007787 33.96 ENSMMUG00000005920 NAT1 
ENSMMUP00000002557 202.30 ENSMMUG00000001908 NAV1 
ENSMMUP00000030850 268.68 ENSMMUG00000023434 NBAS 
ENSMMUP00000023785 76.74 ENSMMUG00000018094 NCL 
ENSMMUP00000022420 62.72 ENSMMUG00000017036 NCLN 
ENSMMUP00000028781 78.46 ENSMMUG00000021856 NCSTN 
ENSMMUP00000031384 35.56 ENSMMUG00000028699 ND1 
ENSMMUP00000031375 52.01 ENSMMUG00000028677 ND4 
ENSMMUP00000031374 67.72 ENSMMUG00000028673 ND5 
ENSMMUP00000013350 42.84 ENSMMUG00000010200 NDRG1 
ENSMMUP00000027300 40.14 ENSMMUG00000020747 NDRG2 
ENSMMUP00000010745 40.78 ENSMMUG00000008201 NDRG3 
ENSMMUP00000013608 48.83 ENSMMUG00000010382 NDUFA10 
ENSMMUP00000021914 14.63 ENSMMUG00000016665 NDUFA11 
ENSMMUP00000024862 17.10 ENSMMUG00000018897 NDUFA12 
ENSMMUP00000014898 26.05 ENSMMUG00000011350 NDUFA13 
ENSMMUP00000013089 10.96 ENSMMUG00000010011 NDUFA2 
ENSMMUP00000027490 9.37 ENSMMUG00000020894 NDUFA4 
ENSMMUP00000017157 15.11 ENSMMUG00000013060 NDUFA6 
ENSMMUP00000021948 13.05 ENSMMUG00000016697 NDUFA7 
ENSMMUP00000015020 20.11 ENSMMUG00000011450 NDUFA8 
ENSMMUP00000007475 20.39 ENSMMUG00000005654 NDUFAF3 
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ENSMMUP00000024792 20.08 ENSMMUG00000018843 NDUFAF4 
ENSMMUP00000032727 15.66 ENSMMUG00000029268 NDUFB10 
ENSMMUP00000022935 24.85 ENSMMUG00000017422 NDUFB11 
ENSMMUP00000016033 11.39 ENSMMUG00000012225 NDUFB3 
ENSMMUP00000002127 14.91 ENSMMUG00000001592 NDUFB4 
ENSMMUP00000012756 21.69 ENSMMUG00000009746 NDUFB5 
ENSMMUP00000028467 16.48 ENSMMUG00000021612 NDUFB7 
ENSMMUP00000020318 21.77 ENSMMUG00000015493 NDUFB9 
ENSMMUP00000022071 80.37 ENSMMUG00000016788 NDUFS1 
ENSMMUP00000023834 52.57 ENSMMUG00000004520 NDUFS2 
ENSMMUP00000006462 19.91 ENSMMUG00000004861 NDUFS4 
ENSMMUP00000035737 12.65 ENSMMUG00000030508 NDUFS5 
ENSMMUP00000004063 23.40 ENSMMUG00000003045 NDUFS7 
ENSMMUP00000030525 23.69 ENSMMUG00000023189 NDUFS8 
ENSMMUP00000024372 50.67 ENSMMUG00000018526 NDUFV1 
ENSMMUP00000029092 27.39 ENSMMUG00000022095 NDUFV2 
ENSMMUP00000011307 704.03 ENSMMUG00000008615 NEB 
ENSMMUP00000013564 60.22 ENSMMUG00000010352 NEXN 
ENSMMUP00000014363 51.12 ENSMMUG00000010951 NFS1 
ENSMMUP00000016020 82.46 ENSMMUG00000012216 NGEF 
ENSMMUP00000002815 38.23 ENSMMUG00000002113 NHLRC3 
ENSMMUP00000018983 38.79 ENSMMUG00000006639 NIF3L1 
ENSMMUP00000004269 28.31 ENSMMUG00000003197 NIPSNAP3A 
ENSMMUP00000002688 35.84 ENSMMUG00000002009 NIT1 
ENSMMUP00000026329 30.64 ENSMMUG00000020024 NIT2 
ENSMMUP00000015982 107.21 ENSMMUG00000012189 NLRX1 
ENSMMUP00000002591 30.14 ENSMMUG00000001940 NME1 
ENSMMUP00000005145 17.57 ENSMMUG00000003857 NME3 
ENSMMUP00000000824 20.73 ENSMMUG00000000612 NME4 
ENSMMUP00000027750 38.09 ENSMMUG00000021079 NME7 
ENSMMUP00000013295 67.11 ENSMMUG00000010167 NME8 
ENSMMUP00000007721 31.92 ENSMMUG00000005863 NMNAT1 
ENSMMUP00000000389 28.24 ENSMMUG00000000287 NMNAT3 
ENSMMUP00000032684 33.14 ENSMMUG00000020540 NMRAL1 
ENSMMUP00000015392 116.56 ENSMMUG00000011734 NNT 
ENSMMUP00000026021 134.11 ENSMMUG00000005919 NOMO1 
ENSMMUP00000026973 54.23 ENSMMUG00000020481 NONO 
ENSMMUP00000000784 59.67 ENSMMUG00000000582 NOP5/NOP58 
ENSMMUP00000018256 58.46 ENSMMUG00000013888 NOP56 
ENSMMUP00000028303 142.02 ENSMMUG00000021484 NPC1 
ENSMMUP00000008638 16.57 ENSMMUG00000006563 NPC2 
ENSMMUP00000007725 93.89 ENSMMUG00000005869 NPEPPS 
ENSMMUP00000028667 87.30 ENSMMUG00000021772 NPHP3 
ENSMMUP00000040651 157.49 ENSMMUG00000022888 NPHP4 
ENSMMUP00000011776 35.18 ENSMMUG00000008992 NPL 
ENSMMUP00000006750 59.84 ENSMMUG00000005091 NRBP1 
ENSMMUP00000006307 125.06 ENSMMUG00000004738 NRD1 
ENSMMUP00000015236 178.90 ENSMMUG00000011601 NRK 
ENSMMUP00000017308 41.77 ENSMMUG00000013176 NSDHL 
ENSMMUP00000007332 81.90 ENSMMUG00000005548 NSF 
ENSMMUP00000037385 24.97 ENSMMUG00000012614 NTPCR 
ENSMMUP00000007756 50.17 ENSMMUG00000005895 NUCB2 
ENSMMUP00000025510 18.49 ENSMMUG00000032456 NUDT10 
ENSMMUP00000001529 21.16 ENSMMUG00000001154 NUDT16 
ENSMMUP00000032677 23.31 ENSMMUG00000001890 NUDT16L1 
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ENSMMUP00000021992 35.19 ENSMMUG00000016734 NUDT17 
ENSMMUP00000027332 16.82 ENSMMUG00000020769 NUDT2 
ENSMMUP00000032420 21.79 ENSMMUG00000019906 NUDT21 
ENSMMUP00000022548 24.32 ENSMMUG00000017141 NUDT5 
ENSMMUP00000034826 35.30 ENSMMUG00000007420 NUDT6 
ENSMMUP00000025035 39.04 ENSMMUG00000019043 NUDT9 
ENSMMUP00000009616 238.96 ENSMMUG00000007330 NUMA1 
ENSMMUP00000000943 83.49 ENSMMUG00000000704 NUP155 
ENSMMUP00000014247 132.97 ENSMMUG00000010869 NUP160 
ENSMMUP00000021515 228.04 ENSMMUG00000016384 NUP205 
ENSMMUP00000021017 205.24 ENSMMUG00000015979 NUP210 
ENSMMUP00000019615 176.03 ENSMMUG00000014952 NUP210L 
ENSMMUP00000031516 65.28 ENSMMUG00000011627 NUP62 
ENSMMUP00000013742 48.46 ENSMMUG00000010485 OAT 
ENSMMUP00000011933 21.31 ENSMMUG00000009095 OAZ3 
ENSMMUP00000022201 723.31 ENSMMUG00000023096 OBSCN 
ENSMMUP00000019512 27.56 ENSMMUG00000014868 OCIAD1 
ENSMMUP00000002808 28.67 ENSMMUG00000002108 ODF1 
ENSMMUP00000019534 95.42 ENSMMUG00000005987 ODF2 
ENSMMUP00000015094 27.92 ENSMMUG00000011502 ODF3 
ENSMMUP00000003569 115.89 ENSMMUG00000002651 OGDH 
ENSMMUP00000009295 44.75 ENSMMUG00000007092 OLA1 
ENSMMUP00000012799 111.76 ENSMMUG00000009765 OPA1 
ENSMMUP00000031566 20.37 ENSMMUG00000022940 OPA3 
ENSMMUP00000006096 17.48 ENSMMUG00000004586 ORMDL3 
ENSMMUP00000013637 23.79 ENSMMUG00000010401 OSTF1 
ENSMMUP00000010197 27.08 ENSMMUG00000007762 OTUB2 
ENSMMUP00000025978 62.58 ENSMMUG00000019757 OVCH2 
ENSMMUP00000000546 51.46 ENSMMUG00000000411 OXA1L 
ENSMMUP00000014436 56.24 ENSMMUG00000011027 OXCT1 
ENSMMUP00000029878 34.83 ENSMMUG00000022693 OXNAD1 
ENSMMUP00000023468 93.93 ENSMMUG00000017845 OXR1 
ENSMMUP00000012107 58.46 ENSMMUG00000009242 P4HB 
ENSMMUP00000002884 43.73 ENSMMUG00000002164 PA2G4 
ENSMMUP00000015180 70.67 ENSMMUG00000017786 PABPC1 
ENSMMUP00000026864 29.34 ENSMMUG00000020412 PACRG 
ENSMMUP00000035424 42.21 ENSMMUG00000020524 PAFAH1B1 
ENSMMUP00000021489 46.71 ENSMMUG00000016366 PAICS 
ENSMMUP00000022763 131.61 ENSMMUG00000017304 PALB2 
ENSMMUP00000025846 20.18 ENSMMUG00000019671 PARK7 
ENSMMUP00000026605 14.51 ENSMMUG00000020210 PATE1 
ENSMMUP00000019825 31.84 ENSMMUG00000015125 PBLD 
ENSMMUP00000006032 129.80 ENSMMUG00000004533 PC 
ENSMMUP00000011517 11.87 ENSMMUG00000008789 PCBD1 
ENSMMUP00000008685 38.78 ENSMMUG00000006608 PCBP2 
ENSMMUP00000005991 76.46 ENSMMUG00000004493 PCCA 
ENSMMUP00000004348 58.19 ENSMMUG00000003262 PCCB 
ENSMMUP00000028436 70.51 ENSMMUG00000021590 PCK2 
ENSMMUP00000028544 525.29 ENSMMUG00000021678 PCLO 
ENSMMUP00000010442 52.78 ENSMMUG00000007959 PCYOX1 
ENSMMUP00000016929 43.26 ENSMMUG00000012889 PCYT2 
ENSMMUP00000007816 24.72 ENSMMUG00000005938 PDCD10 
ENSMMUP00000022630 51.75 ENSMMUG00000017204 PDCD4 
ENSMMUP00000001011 21.58 ENSMMUG00000011933 PDCD6 
ENSMMUP00000018492 95.90 ENSMMUG00000014069 PDCD6IP 
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ENSMMUP00000022813 47.58 ENSMMUG00000017336 PDHA1 
ENSMMUP00000028136 43.02 ENSMMUG00000021359 PDHA2 
ENSMMUP00000020570 39.26 ENSMMUG00000015672 PDHB 
ENSMMUP00000008498 54.96 ENSMMUG00000006448 PDHX 
ENSMMUP00000002254 56.78 ENSMMUG00000001682 PDIA3 
ENSMMUP00000010118 59.62 ENSMMUG00000007696 PDIA5 
ENSMMUP00000016897 53.40 ENSMMUG00000012864 PDIA6 
ENSMMUP00000019264 43.80 ENSMMUG00000014685 PDK2 
ENSMMUP00000016843 46.18 ENSMMUG00000012819 PDK3 
ENSMMUP00000029288 63.78 ENSMMUG00000022246 PDLIM5 
ENSMMUP00000006073 64.94 ENSMMUG00000004568 PDP1 
ENSMMUP00000032321 99.42 ENSMMUG00000023147 PDPR 
ENSMMUP00000003989 86.71 ENSMMUG00000002984 PDXDC1 
ENSMMUP00000016135 35.05 ENSMMUG00000012300 PDXK 
ENSMMUP00000018340 301.11 ENSMMUG00000013954 PDZD2 
ENSMMUP00000025806 56.99 ENSMMUG00000019642 PDZK1 
ENSMMUP00000006757 20.90 ENSMMUG00000005098 PEBP1 
ENSMMUP00000024119 25.06 ENSMMUG00000018345 PEBP4 
ENSMMUP00000023611 34.41 ENSMMUG00000017964 PECR 
ENSMMUP00000013273 133.29 ENSMMUG00000010150 PELP1 
ENSMMUP00000008054 54.55 ENSMMUG00000006128 PEPD 
ENSMMUP00000021108 28.42 ENSMMUG00000016048 PEX11B 
ENSMMUP00000011027 26.66 ENSMMUG00000008409 PEX11G 
ENSMMUP00000029185 54.36 ENSMMUG00000022170 PFKFB2 
ENSMMUP00000005582 51.40 ENSMMUG00000004173 PFKL 
ENSMMUP00000039868 93.27 ENSMMUG00000002045 PFKM 
ENSMMUP00000006549 85.25 ENSMMUG00000004935 PFKP 
ENSMMUP00000003717 15.05 ENSMMUG00000002772 PFN1 
ENSMMUP00000030714 15.05 ENSMMUG00000023337 PFN2 
ENSMMUP00000003245 22.81 ENSMMUG00000002417 PGAM2 
ENSMMUP00000013841 28.80 ENSMMUG00000010554 PGAM4 
ENSMMUP00000020288 20.22 ENSMMUG00000015466 PGAM5 
ENSMMUP00000030320 53.38 ENSMMUG00000023029 PGD 
ENSMMUP00000040963 44.59 ENSMMUG00000012874 PGK1 
ENSMMUP00000015734 44.88 ENSMMUG00000011998 PGK2 
ENSMMUP00000000273 27.39 ENSMMUG00000000195 PGLS 
ENSMMUP00000026371 61.49 ENSMMUG00000020049 PGM1 
ENSMMUP00000000326 59.74 ENSMMUG00000000232 PGM2 
ENSMMUP00000032717 34.09 ENSMMUG00000019234 PGP 
ENSMMUP00000018994 21.66 ENSMMUG00000014466 PGRMC1 
ENSMMUP00000019147 23.73 ENSMMUG00000014585 PGRMC2 
ENSMMUP00000000214 29.80 ENSMMUG00000000156 PHB 
ENSMMUP00000013345 33.70 ENSMMUG00000010205 PHB2 
ENSMMUP00000036972 11.21 ENSMMUG00000011354 PHF5A 
ENSMMUP00000030404 56.48 ENSMMUG00000023089 PHGDH 
ENSMMUP00000029182 229.04 ENSMMUG00000022167 PI4KA 
ENSMMUP00000025765 70.04 ENSMMUG00000019618 PICALM 
ENSMMUP00000015575 118.67 ENSMMUG00000011866 PIGO 
ENSMMUP00000016056 61.75 ENSMMUG00000012240 PIGS 
ENSMMUP00000004553 65.87 ENSMMUG00000003410 PIGT 
ENSMMUP00000001570 47.36 ENSMMUG00000001179 PIP4K2C 
ENSMMUP00000039086 95.46 ENSMMUG00000005228 PIP5K1A 
ENSMMUP00000012999 44.16 ENSMMUG00000009937 PIPOX 
ENSMMUP00000025686 24.18 ENSMMUG00000019554 PITHD1 
ENSMMUP00000003180 31.80 ENSMMUG00000002374 PITPNA 
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ENSMMUP00000019084 31.54 ENSMMUG00000014534 PITPNB 
ENSMMUP00000006552 117.23 ENSMMUG00000004938 PITRM1 
ENSMMUP00000030466 61.83 ENSMMUG00000023143 PKLR 
ENSMMUP00000005543 58.46 ENSMMUG00000004145 PKM 
ENSMMUP00000030876 58.08 ENSMMUG00000023454 PKM 
ENSMMUP00000033454 58.21 ENSMMUG00000023454 PKM 
ENSMMUP00000017756 82.67 ENSMMUG00000013506 PKP1 
ENSMMUP00000000801 97.04 ENSMMUG00000000595 PKP2 
ENSMMUP00000004886 63.32 ENSMMUG00000003665 PLBD1 
ENSMMUP00000005625 59.78 ENSMMUG00000004205 PLBD2 
ENSMMUP00000029191 70.57 ENSMMUG00000022175 PLCZ1 
ENSMMUP00000031602 54.75 ENSMMUG00000006071 PLD3 
ENSMMUP00000031861 532.23 ENSMMUG00000000388 PLEC 
ENSMMUP00000031951 47.21 ENSMMUG00000014816 PLIN3 
ENSMMUP00000009121 83.28 ENSMMUG00000006949 PLOD3 
ENSMMUP00000040861 70.81 ENSMMUG00000006377 PLS3 
ENSMMUP00000004489 205.53 ENSMMUG00000008331 PLXNB2 
ENSMMUP00000003453 97.76 ENSMMUG00000002569 PML 
ENSMMUP00000029909 28.03 ENSMMUG00000022714 PMM2 
ENSMMUP00000004138 58.20 ENSMMUG00000003098 PMPCA 
ENSMMUP00000004571 37.40 ENSMMUG00000003429 PMPCB 
ENSMMUP00000014295 52.38 ENSMMUG00000010897 PNMA3 
ENSMMUP00000025146 32.11 ENSMMUG00000019126 PNP 
ENSMMUP00000004763 53.60 ENSMMUG00000003574 POC1B 
ENSMMUP00000025165 42.05 ENSMMUG00000019146 POLDIP2 
ENSMMUP00000010508 41.48 ENSMMUG00000008014 PON2 
ENSMMUP00000026433 76.99 ENSMMUG00000020086 POR 
ENSMMUP00000022376 37.16 ENSMMUG00000017004 PPA2 
ENSMMUP00000006713 75.45 ENSMMUG00000005066 PPEF1 
ENSMMUP00000021879 18.01 ENSMMUG00000016638 PPIA 
ENSMMUP00000027805 23.74 ENSMMUG00000021123 PPIB 
ENSMMUP00000013955 22.62 ENSMMUG00000010651 PPIC 
ENSMMUP00000023369 40.94 ENSMMUG00000017768 PPID 
ENSMMUP00000004252 21.95 ENSMMUG00000003189 PPIF 
ENSMMUP00000009213 35.26 ENSMMUG00000007020 PPIL6 
ENSMMUP00000022904 42.67 ENSMMUG00000017398 PPME1 
ENSMMUP00000029796 50.66 ENSMMUG00000022630 PPOX 
ENSMMUP00000027076 35.52 ENSMMUG00000020562 PPP1CB 
ENSMMUP00000017967 38.52 ENSMMUG00000013664 PPP1CC 
ENSMMUP00000021300 41.62 ENSMMUG00000016209 PPP1R7 
ENSMMUP00000017139 35.59 ENSMMUG00000013047 PPP2CA 
ENSMMUP00000028954 65.31 ENSMMUG00000021986 PPP2R1A 
ENSMMUP00000003379 36.21 ENSMMUG00000002515 PPP2R4 
ENSMMUP00000010756 54.70 ENSMMUG00000008205 PPP2R5E 
ENSMMUP00000018970 56.97 ENSMMUG00000014442 PPP3CC 
ENSMMUP00000001318 35.08 ENSMMUG00000000982 PPP4C 
ENSMMUP00000027059 35.14 ENSMMUG00000020549 PPP6C 
ENSMMUP00000012042 34.25 ENSMMUG00000009189 PPT1 
ENSMMUP00000008176 22.13 ENSMMUG00000006221 PRDX1 
ENSMMUP00000007512 21.89 ENSMMUG00000005689 PRDX2 
ENSMMUP00000010873 27.92 ENSMMUG00000008294 PRDX3 
ENSMMUP00000028144 30.50 ENSMMUG00000021366 PRDX4 
ENSMMUP00000017596 12.99 ENSMMUG00000013397 PRDX5 
ENSMMUP00000011500 25.02 ENSMMUG00000008776 PRDX6 
ENSMMUP00000003209 45.62 ENSMMUG00000002390 PREB 
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ENSMMUP00000017722 80.78 ENSMMUG00000013483 PREP 
ENSMMUP00000018568 36.45 ENSMMUG00000014132 PRKACA 
ENSMMUP00000004604 39.27 ENSMMUG00000003457 PRKACB 
ENSMMUP00000026815 40.18 ENSMMUG00000020379 PRKACG 
ENSMMUP00000002929 43.01 ENSMMUG00000002194 PRKAR1A 
ENSMMUP00000000106 42.87 ENSMMUG00000000081 PRKAR2A 
ENSMMUP00000003116 57.12 ENSMMUG00000002328 PRKCSH 
ENSMMUP00000020132 469.49 ENSMMUG00000015347 PRKDC 
ENSMMUP00000004045 36.74 ENSMMUG00000003029 PRMT1 
ENSMMUP00000033103 71.32 ENSMMUG00000001035 PRMT5 
ENSMMUP00000001269 30.39 ENSMMUG00000000945 PROSC 
ENSMMUP00000019079 55.04 ENSMMUG00000014530 PRPF19 
ENSMMUP00000018422 116.91 ENSMMUG00000014017 PRPF4B 
ENSMMUP00000035441 268.18 ENSMMUG00000004820 PRPF8 
ENSMMUP00000014891 34.75 ENSMMUG00000011345 PRPS2 
ENSMMUP00000004718 39.45 ENSMMUG00000003543 PRPSAP1 
ENSMMUP00000007037 41.69 ENSMMUG00000005323 PRPSAP2 
ENSMMUP00000021268 34.69 ENSMMUG00000016183 PRSS21 
ENSMMUP00000015542 26.43 ENSMMUG00000011844 PRSS37 
ENSMMUP00000027985 32.28 ENSMMUG00000021251 PRSS46 
ENSMMUP00000007808 27.18 ENSMMUG00000005931 PRSS58 
ENSMMUP00000013165 50.19 ENSMMUG00000010068 PRUNE 
ENSMMUP00000017025 58.24 ENSMMUG00000012969 PSAP 
ENSMMUP00000021601 30.24 ENSMMUG00000016446 PSMA1 
ENSMMUP00000029542 25.90 ENSMMUG00000022451 PSMA2 
ENSMMUP00000004676 28.43 ENSMMUG00000003509 PSMA3 
ENSMMUP00000014072 29.48 ENSMMUG00000010740 PSMA4 
ENSMMUP00000007662 26.41 ENSMMUG00000005813 PSMA5 
ENSMMUP00000021739 27.40 ENSMMUG00000016544 PSMA6 
ENSMMUP00000024133 24.21 ENSMMUG00000018354 PSMA7 
ENSMMUP00000026177 26.36 ENSMMUG00000019919 PSMB1 
ENSMMUP00000017191 22.84 ENSMMUG00000013090 PSMB2 
ENSMMUP00000016237 22.96 ENSMMUG00000012363 PSMB3 
ENSMMUP00000027532 29.17 ENSMMUG00000020924 PSMB4 
ENSMMUP00000007892 28.79 ENSMMUG00000006007 PSMB5 
ENSMMUP00000017070 25.41 ENSMMUG00000012999 PSMB6 
ENSMMUP00000009648 29.93 ENSMMUG00000007358 PSMB7 
ENSMMUP00000030273 41.17 ENSMMUG00000022990 PSMC1 
ENSMMUP00000020482 49.21 ENSMMUG00000015611 PSMC3 
ENSMMUP00000022613 47.37 ENSMMUG00000017188 PSMC4 
ENSMMUP00000034223 43.07 ENSMMUG00000016769 PSMC5 
ENSMMUP00000032903 44.06 ENSMMUG00000029348 PSMC6 
ENSMMUP00000037432 102.33 ENSMMUG00000011769 PSMD1 
ENSMMUP00000022337 20.81 ENSMMUG00000016981 PSMD10 
ENSMMUP00000024950 36.75 ENSMMUG00000018962 PSMD11 
ENSMMUP00000002837 52.91 ENSMMUG00000002132 PSMD12 
ENSMMUP00000001091 100.01 ENSMMUG00000000800 PSMD2 
ENSMMUP00000026821 61.00 ENSMMUG00000020382 PSMD3 
ENSMMUP00000002957 37.08 ENSMMUG00000002213 PSMD5 
ENSMMUP00000002009 45.56 ENSMMUG00000001509 PSMD6 
ENSMMUP00000014563 36.77 ENSMMUG00000011125 PSMD7 
ENSMMUP00000037639 13.54 ENSMMUG00000031219 PSMD8 
ENSMMUP00000016377 27.36 ENSMMUG00000012473 PSME2 
ENSMMUP00000016658 29.76 ENSMMUG00000012685 PSME3 
ENSMMUP00000010615 197.72 ENSMMUG00000008104 PSME4 
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ENSMMUP00000021615 58.77 ENSMMUG00000016450 PTBP1 
ENSMMUP00000028227 24.57 ENSMMUG00000021429 PTGDS 
ENSMMUP00000024001 42.03 ENSMMUG00000018258 PTGES2 
ENSMMUP00000018100 18.70 ENSMMUG00000013766 PTGES3 
ENSMMUP00000023861 38.43 ENSMMUG00000018146 PTGR2 
ENSMMUP00000033655 118.47 ENSMMUG00000011670 PTK7 
ENSMMUP00000020266 44.41 ENSMMUG00000015450 PTPLAD1 
ENSMMUP00000002982 28.32 ENSMMUG00000002232 PTPLB 
ENSMMUP00000005737 22.76 ENSMMUG00000004286 PTPMT1 
ENSMMUP00000005738 30.23 ENSMMUG00000004286 PTPMT1 
ENSMMUP00000010349 49.95 ENSMMUG00000007878 PTPN1 
ENSMMUP00000004975 273.26 ENSMMUG00000003726 PTPN13 
ENSMMUP00000002102 19.21 ENSMMUG00000001572 PTRH2 
ENSMMUP00000038409 33.66 ENSMMUG00000011434 PYCR2 
ENSMMUP00000019243 28.52 ENSMMUG00000014666 PYCRL 
ENSMMUP00000012061 96.61 ENSMMUG00000009199 PYGB 
ENSMMUP00000003936 87.74 ENSMMUG00000002943 QARS 
ENSMMUP00000007565 25.82 ENSMMUG00000005730 QDPR 
ENSMMUP00000015701 30.66 ENSMMUG00000011969 QPRT 
ENSMMUP00000015804 82.41 ENSMMUG00000012047 QSOX1 
ENSMMUP00000006493 54.61 ENSMMUG00000004885 QSOX2 
ENSMMUP00000013389 24.49 ENSMMUG00000010225 RAB11B 
ENSMMUP00000007398 23.90 ENSMMUG00000005595 RAB14 
ENSMMUP00000009092 22.98 ENSMMUG00000006928 RAB18 
ENSMMUP00000028603 22.67 ENSMMUG00000021721 RAB1A 
ENSMMUP00000037583 22.17 ENSMMUG00000031202 RAB1B 
ENSMMUP00000025542 24.26 ENSMMUG00000019434 RAB21 
ENSMMUP00000000168 21.84 ENSMMUG00000000125 RAB22A 
ENSMMUP00000029361 23.50 ENSMMUG00000022306 RAB25 
ENSMMUP00000029004 24.77 ENSMMUG00000022025 RAB28 
ENSMMUP00000022423 21.87 ENSMMUG00000017038 RAB2A 
ENSMMUP00000019654 20.76 ENSMMUG00000014992 RAB2B 
ENSMMUP00000010298 23.06 ENSMMUG00000007842 RAB30 
ENSMMUP00000027232 25.76 ENSMMUG00000020692 RAB33B 
ENSMMUP00000014690 54.45 ENSMMUG00000011210 RAB35 
ENSMMUP00000014842 24.22 ENSMMUG00000011317 RAB3D 
ENSMMUP00000023303 24.39 ENSMMUG00000017720 RAB4A 
ENSMMUP00000006401 19.85 ENSMMUG00000004813 RAB4B 
ENSMMUP00000009173 23.66 ENSMMUG00000006992 RAB5A 
ENSMMUP00000039450 23.74 ENSMMUG00000031853 RAB5B 
ENSMMUP00000019379 23.48 ENSMMUG00000014761 RAB5C 
ENSMMUP00000036842 21.13 ENSMMUG00000030964 RAB6C 
ENSMMUP00000002391 23.52 ENSMMUG00000001798 RAB7A 
ENSMMUP00000020740 23.67 ENSMMUG00000015784 RAB8A 
ENSMMUP00000017691 23.59 ENSMMUG00000013460 RAB8B 
ENSMMUP00000029777 22.82 ENSMMUG00000022618 RAB9A 
ENSMMUP00000030181 26.24 ENSMMUG00000022914 RABL2B 
ENSMMUP00000002130 26.45 ENSMMUG00000001594 RABL3 
ENSMMUP00000027741 22.27 ENSMMUG00000021075 RAC1 
ENSMMUP00000021130 23.57 ENSMMUG00000016059 RALA 
ENSMMUP00000000632 25.70 ENSMMUG00000000462 RALB 
ENSMMUP00000023777 32.50 ENSMMUG00000018093 RALY 
ENSMMUP00000027540 24.42 ENSMMUG00000020927 RAN 
ENSMMUP00000015009 20.82 ENSMMUG00000011442 RAP1B 
ENSMMUP00000029506 66.32 ENSMMUG00000022417 RAP1GDS1 
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ENSMMUP00000016437 75.30 ENSMMUG00000012516 RARS 
ENSMMUP00000022426 65.54 ENSMMUG00000017039 RARS2 
ENSMMUP00000005539 21.05 ENSMMUG00000004146 RBBP9 
ENSMMUP00000018984 34.17 ENSMMUG00000014458 RBKS 
ENSMMUP00000015788 64.07 ENSMMUG00000012036 RBM47 
ENSMMUP00000024143 29.35 ENSMMUG00000018360 RCN1 
ENSMMUP00000010763 36.84 ENSMMUG00000008213 RCN2 
ENSMMUP00000032850 35.43 ENSMMUG00000015868 RDH11 
ENSMMUP00000018508 68.93 ENSMMUG00000014083 RDH14 
ENSMMUP00000018510 36.60 ENSMMUG00000014083 RDH14 
ENSMMUP00000025520 67.01 ENSMMUG00000019416 RETSAT 
ENSMMUP00000020569 21.64 ENSMMUG00000015671 RHOB 
ENSMMUP00000005284 21.29 ENSMMUG00000003957 RHOG 
ENSMMUP00000035017 80.86 ENSMMUG00000018222 RHOT1 
ENSMMUP00000030292 44.74 ENSMMUG00000023007 RIBC2 
ENSMMUP00000015099 60.09 ENSMMUG00000011506 RIC8A 
ENSMMUP00000040394 210.02 ENSMMUG00000032180 RLF 
ENSMMUP00000025147 23.86 ENSMMUG00000019128 RNASE10 
ENSMMUP00000027305 17.96 ENSMMUG00000020750 RNASE13 
ENSMMUP00000033164 24.52 ENSMMUG00000015833 RNASE9 
ENSMMUP00000016572 89.50 ENSMMUG00000012616 RNF20 
ENSMMUP00000037874 49.21 ENSMMUG00000010783 RNH1 
ENSMMUP00000002575 72.50 ENSMMUG00000001926 RNPEP 
ENSMMUP00000010962 23.84 ENSMMUG00000008360 ROPN1B 
ENSMMUP00000012768 22.38 ENSMMUG00000009761 ROPN1L 
ENSMMUP00000012123 33.24 ENSMMUG00000009256 RPIA 
ENSMMUP00000020911 24.70 ENSMMUG00000015907 RPL10A 
ENSMMUP00000003295 19.03 ENSMMUG00000002445 RPL11 
ENSMMUP00000000568 17.83 ENSMMUG00000000422 RPL12 
ENSMMUP00000008383 24.15 ENSMMUG00000006353 RPL15 
ENSMMUP00000006001 14.87 ENSMMUG00000004502 RPL23 
ENSMMUP00000019735 17.68 ENSMMUG00000015059 RPL24 
ENSMMUP00000010595 15.80 ENSMMUG00000008090 RPL27 
ENSMMUP00000032317 8.18 ENSMMUG00000029087 RPL38 
ENSMMUP00000022146 47.69 ENSMMUG00000016844 RPL4 
ENSMMUP00000038598 32.67 ENSMMUG00000007433 RPL6 
ENSMMUP00000022450 29.25 ENSMMUG00000029237 RPL7A 
ENSMMUP00000035330 21.86 ENSMMUG00000008553 RPL9 
ENSMMUP00000012008 34.35 ENSMMUG00000009157 RPLP0 
ENSMMUP00000024084 68.73 ENSMMUG00000018321 RPN1 
ENSMMUP00000037883 69.31 ENSMMUG00000010363 RPN2 
ENSMMUP00000008516 14.51 ENSMMUG00000006463 RPS12 
ENSMMUP00000033854 18.17 ENSMMUG00000002848 RPS14 
ENSMMUP00000025450 16.45 ENSMMUG00000019370 RPS16 
ENSMMUP00000014862 15.55 ENSMMUG00000011327 RPS17L 
ENSMMUP00000019224 17.61 ENSMMUG00000014648 RPS18 
ENSMMUP00000017640 16.06 ENSMMUG00000013429 RPS19 
ENSMMUP00000013097 13.24 ENSMMUG00000030251 RPS20 
ENSMMUP00000006634 9.14 ENSMMUG00000005006 RPS21 
ENSMMUP00000007295 15.07 ENSMMUG00000030562 RPS24 
ENSMMUP00000036826 26.69 ENSMMUG00000009019 RPS3 
ENSMMUP00000004386 29.60 ENSMMUG00000003295 RPS4Y1 
ENSMMUP00000011440 22.88 ENSMMUG00000008729 RPS5 
ENSMMUP00000015580 22.13 ENSMMUG00000011870 RPS7 
ENSMMUP00000020023 24.21 ENSMMUG00000015270 RPS8 
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ENSMMUP00000029684 22.59 ENSMMUG00000022552 RPS9 
ENSMMUP00000030248 32.87 ENSMMUG00000022965 RPSA 
ENSMMUP00000026835 32.69 ENSMMUG00000020395 RQCD1 
ENSMMUP00000031112 44.32 ENSMMUG00000023634 RRAGC 
ENSMMUP00000023764 35.15 ENSMMUG00000018084 RSPH1 
ENSMMUP00000008667 49.37 ENSMMUG00000006590 RSPH6A 
ENSMMUP00000033600 30.92 ENSMMUG00000029639 RSPH9 
ENSMMUP00000021140 27.66 ENSMMUG00000016067 RSU1 
ENSMMUP00000002365 38.84 ENSMMUG00000001774 RTDR1 
ENSMMUP00000015691 82.18 ENSMMUG00000011966 RTN1 
ENSMMUP00000020876 112.34 ENSMMUG00000015876 RTN3 
ENSMMUP00000028053 129.92 ENSMMUG00000021299 RTN4 
ENSMMUP00000024555 50.23 ENSMMUG00000018662 RUVBL1 
ENSMMUP00000005224 51.16 ENSMMUG00000003915 RUVBL2 
ENSMMUP00000001421 562.60 ENSMMUG00000001060 RYR2 
ENSMMUP00000009023 13.47 ENSMMUG00000006868 S100A9 
ENSMMUP00000002833 66.99 ENSMMUG00000002130 SACM1L 
ENSMMUP00000001728 496.65 ENSMMUG00000001292 SACS 
ENSMMUP00000020256 51.94 ENSMMUG00000015446 SAMM50 
ENSMMUP00000008440 22.27 ENSMMUG00000006398 SAR1A 
ENSMMUP00000005894 22.40 ENSMMUG00000004417 SAR1B 
ENSMMUP00000028755 50.73 ENSMMUG00000021837 SARS 
ENSMMUP00000017770 19.12 ENSMMUG00000013511 SAT2 
ENSMMUP00000017034 34.55 ENSMMUG00000012974 SCAMP2 
ENSMMUP00000027514 54.28 ENSMMUG00000020913 SCARB2 
ENSMMUP00000029234 40.04 ENSMMUG00000022208 SCCPDH 
ENSMMUP00000025874 72.70 ENSMMUG00000019692 SCFD1 
ENSMMUP00000022894 75.54 ENSMMUG00000017393 SCFD2 
ENSMMUP00000006562 45.05 ENSMMUG00000004952 SCP2 
ENSMMUP00000003031 50.63 ENSMMUG00000002269 SCPEP1 
ENSMMUP00000004023 43.89 ENSMMUG00000003012 SCRN2 
ENSMMUP00000024743 23.44 ENSMMUG00000018798 SDF2L1 
ENSMMUP00000001008 54.56 ENSMMUG00000014452 SDHA 
ENSMMUP00000002161 31.50 ENSMMUG00000001614 SDHB 
ENSMMUP00000019985 17.24 ENSMMUG00000015247 SDHD 
ENSMMUP00000012443 34.58 ENSMMUG00000009517 SDR39U1 
ENSMMUP00000015075 17.41 ENSMMUG00000011486 SEC11A 
ENSMMUP00000005885 21.59 ENSMMUG00000004408 SEC11C 
ENSMMUP00000026198 35.40 ENSMMUG00000019936 SEC13 
ENSMMUP00000017115 45.98 ENSMMUG00000013404 SEC14L2 
ENSMMUP00000016683 24.74 ENSMMUG00000012707 SEC22B 
ENSMMUP00000016913 82.04 ENSMMUG00000012878 SEC23B 
ENSMMUP00000005899 109.00 ENSMMUG00000004418 SEC24A 
ENSMMUP00000009557 113.14 ENSMMUG00000007294 SEC24D 
ENSMMUP00000011146 132.91 ENSMMUG00000008501 SEC31A 
ENSMMUP00000024554 46.05 ENSMMUG00000018661 SEC61A1 
ENSMMUP00000033296 88.00 ENSMMUG00000016598 SEC63 
ENSMMUP00000013095 88.64 ENSMMUG00000010016 SEL1L 
ENSMMUP00000023590 40.67 ENSMMUG00000017945 SEPT12 
ENSMMUP00000037276 41.49 ENSMMUG00000004736 SEPT2 
ENSMMUP00000009161 50.68 ENSMMUG00000006980 SEPT7 
ENSMMUP00000032614 46.70 ENSMMUG00000020426 SERPINA1 
ENSMMUP00000014700 45.72 ENSMMUG00000011217 SERPINA5 
ENSMMUP00000015382 42.69 ENSMMUG00000011720 SERPINB1 
ENSMMUP00000009401 48.58 ENSMMUG00000007171 SERPINB12 
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ENSMMUP00000041172 44.71 ENSMMUG00000032508 SERPINB3 
ENSMMUP00000015381 42.24 ENSMMUG00000011719 SERPINB9 
ENSMMUP00000003191 55.16 ENSMMUG00000002382 SERPINF2 
ENSMMUP00000016570 55.09 ENSMMUG00000012618 SERPING1 
ENSMMUP00000010086 46.45 ENSMMUG00000007675 SERPINH1 
ENSMMUP00000027793 264.04 ENSMMUG00000021117 SETD2 
ENSMMUP00000007333 88.82 ENSMMUG00000005547 SF3A1 
ENSMMUP00000029521 145.84 ENSMMUG00000022430 SF3B1 
ENSMMUP00000023419 133.61 ENSMMUG00000017812 SF3B3 
ENSMMUP00000018208 24.16 ENSMMUG00000013855 SFN 
ENSMMUP00000025177 67.83 ENSMMUG00000019154 SFPQ 
ENSMMUP00000033699 35.65 ENSMMUG00000005148 SFXN1 
ENSMMUP00000026078 36.37 ENSMMUG00000019834 SFXN2 
ENSMMUP00000029783 35.63 ENSMMUG00000022620 SFXN3 
ENSMMUP00000012828 62.56 ENSMMUG00000009800 SGPL1 
ENSMMUP00000009527 34.03 ENSMMUG00000007265 SGTA 
ENSMMUP00000028687 55.79 ENSMMUG00000021785 SHMT2 
ENSMMUP00000027528 217.97 ENSMMUG00000020919 SHROOM3 
ENSMMUP00000011118 58.47 ENSMMUG00000008476 SIAE 
ENSMMUP00000027341 25.13 ENSMMUG00000020774 SIGMAR1 
ENSMMUP00000002590 52.01 ENSMMUG00000001939 SIL1 
ENSMMUP00000026403 200.05 ENSMMUG00000020067 SIPA1L1 
ENSMMUP00000011382 33.88 ENSMMUG00000008678 SIRT5 
ENSMMUP00000001407 81.56 ENSMMUG00000001049 SLC15A2 
ENSMMUP00000039288 52.18 ENSMMUG00000014778 SLC16A7 
ENSMMUP00000009985 60.73 ENSMMUG00000007605 SLC1A7 
ENSMMUP00000006438 72.42 ENSMMUG00000004842 SLC22A14 
ENSMMUP00000007177 34.03 ENSMMUG00000005431 SLC25A1 
ENSMMUP00000005936 32.15 ENSMMUG00000004457 SLC25A10 
ENSMMUP00000003713 34.14 ENSMMUG00000002765 SLC25A11 
ENSMMUP00000009586 74.74 ENSMMUG00000007310 SLC25A12 
ENSMMUP00000006949 52.93 ENSMMUG00000005250 SLC25A13 
ENSMMUP00000010617 34.56 ENSMMUG00000008106 SLC25A17 
ENSMMUP00000023689 28.66 ENSMMUG00000018031 SLC25A19 
ENSMMUP00000020224 33.04 ENSMMUG00000015418 SLC25A20 
ENSMMUP00000009861 34.54 ENSMMUG00000007513 SLC25A22 
ENSMMUP00000030330 40.04 ENSMMUG00000023036 SLC25A3 
ENSMMUP00000019982 35.08 ENSMMUG00000015243 SLC25A31 
ENSMMUP00000020297 33.07 ENSMMUG00000015472 SLC25A4 
ENSMMUP00000008907 38.12 ENSMMUG00000006767 SLC25A40 
ENSMMUP00000025842 35.43 ENSMMUG00000019669 SLC25A42 
ENSMMUP00000029834 32.90 ENSMMUG00000022663 SLC25A5 
ENSMMUP00000008854 33.80 ENSMMUG00000006733 SLC25A52 
ENSMMUP00000011069 101.08 ENSMMUG00000008442 SLC26A8 
ENSMMUP00000003845 70.17 ENSMMUG00000002876 SLC27A2 
ENSMMUP00000040292 54.34 ENSMMUG00000000439 SLC2A3 
ENSMMUP00000021421 55.13 ENSMMUG00000016307 SLC2A5 
ENSMMUP00000004969 41.64 ENSMMUG00000003728 SLC30A7 
ENSMMUP00000033920 120.70 ENSMMUG00000003292 SLC38A10 
ENSMMUP00000026782 55.08 ENSMMUG00000020354 SLC3A2 
ENSMMUP00000019695 68.46 ENSMMUG00000015024 SLC44A1 
ENSMMUP00000004991 48.99 ENSMMUG00000003744 SLC44A2 
ENSMMUP00000000763 49.03 ENSMMUG00000000568 SLC46A2 
ENSMMUP00000017913 73.31 ENSMMUG00000013626 SLC5A1 
ENSMMUP00000004033 44.06 ENSMMUG00000003021 SLC5A12 
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ENSMMUP00000013433 68.84 ENSMMUG00000010257 SLC5A6 
ENSMMUP00000007573 38.84 ENSMMUG00000005737 SLC9A3R1 
ENSMMUP00000026831 40.11 ENSMMUG00000020392 SMS 
ENSMMUP00000020240 102.01 ENSMMUG00000015432 SND1 
ENSMMUP00000030627 244.28 ENSMMUG00000023261 SNRNP200 
ENSMMUP00000025498 39.31 ENSMMUG00000019406 SNRNP40 
ENSMMUP00000005324 13.28 ENSMMUG00000003992 SNRPD1 
ENSMMUP00000009109 13.53 ENSMMUG00000006937 SNRPD2 
ENSMMUP00000000359 13.92 ENSMMUG00000000264 SNRPD3 
ENSMMUP00000038115 10.80 ENSMMUG00000031372 SNRPE 
ENSMMUP00000010446 8.50 ENSMMUG00000007961 SNRPG 
ENSMMUP00000033508 59.17 ENSMMUG00000014005 SNX1 
ENSMMUP00000031067 58.40 ENSMMUG00000023598 SNX2 
ENSMMUP00000026798 18.76 ENSMMUG00000020366 SNX3 
ENSMMUP00000015060 46.81 ENSMMUG00000011476 SNX5 
ENSMMUP00000002283 15.98 ENSMMUG00000001711 SOD1 
ENSMMUP00000003508 25.76 ENSMMUG00000002612 SOD3 
ENSMMUP00000021010 38.21 ENSMMUG00000015971 SORD 
ENSMMUP00000007661 91.30 ENSMMUG00000005812 SORT1 
ENSMMUP00000006557 32.08 ENSMMUG00000004947 SPACA1 
ENSMMUP00000014973 23.24 ENSMMUG00000011411 SPACA3 
ENSMMUP00000029168 13.22 ENSMMUG00000022157 SPACA4 
ENSMMUP00000014266 17.91 ENSMMUG00000010883 SPACA5 
ENSMMUP00000001181 55.48 ENSMMUG00000000882 SPAG6 
ENSMMUP00000021455 45.86 ENSMMUG00000016336 SPAG8 
ENSMMUP00000007542 58.47 ENSMMUG00000005719 SPAM1 
ENSMMUP00000024928 60.87 ENSMMUG00000018943 SPATA18 
ENSMMUP00000005345 53.21 ENSMMUG00000004008 SPATC1 
ENSMMUP00000022863 11.79 ENSMMUG00000017370 SPCS1 
ENSMMUP00000029997 21.34 ENSMMUG00000022784 SPCS3 
ENSMMUP00000023664 44.73 ENSMMUG00000018011 SPHK1 
ENSMMUP00000012410 28.04 ENSMMUG00000009485 SPR 
ENSMMUP00000001152 23.04 ENSMMUG00000000859 SPRYD4 
ENSMMUP00000012218 285.62 ENSMMUG00000009327 SPTAN1 
ENSMMUP00000025199 267.72 ENSMMUG00000019172 SPTB 
ENSMMUP00000017814 274.88 ENSMMUG00000013541 SPTBN1 
ENSMMUP00000005126 416.21 ENSMMUG00000003844 SPTBN5 
ENSMMUP00000004012 53.23 ENSMMUG00000003006 SPTLC1 
ENSMMUP00000020679 49.89 ENSMMUG00000015749 SQRDL 
ENSMMUP00000025069 28.51 ENSMMUG00000019071 SRD5A2 
ENSMMUP00000010421 69.78 ENSMMUG00000007938 SRPR 
ENSMMUP00000011691 29.65 ENSMMUG00000008918 SRPRB 
ENSMMUP00000006280 27.75 ENSMMUG00000004725 SRSF1 
ENSMMUP00000029533 17.25 ENSMMUG00000022442 SSBP1 
ENSMMUP00000002865 32.21 ENSMMUG00000002147 SSR1 
ENSMMUP00000004497 19.09 ENSMMUG00000003375 SSR4 
ENSMMUP00000036592 36.73 ENSMMUG00000006929 ST3GAL4 
ENSMMUP00000014032 88.34 ENSMMUG00000010707 STAT3 
ENSMMUP00000017002 67.77 ENSMMUG00000012953 STIP1 
ENSMMUP00000017096 31.62 ENSMMUG00000013024 STOM 
ENSMMUP00000015573 38.59 ENSMMUG00000011864 STOML2 
ENSMMUP00000013093 80.53 ENSMMUG00000010010 STT3A 
ENSMMUP00000011289 93.60 ENSMMUG00000008608 STT3B 
ENSMMUP00000016072 31.66 ENSMMUG00000012252 STX12 
ENSMMUP00000027534 30.56 ENSMMUG00000020926 STX2 
355 
ENSMMUP00000006615 29.74 ENSMMUG00000004994 STX7 
ENSMMUP00000029030 50.60 ENSMMUG00000022041 STXBP2 
ENSMMUP00000011412 49.22 ENSMMUG00000007539 SUCLA2 
ENSMMUP00000001216 33.13 ENSMMUG00000000908 SUCLG1 
ENSMMUP00000012680 46.50 ENSMMUG00000009693 SUCLG2 
ENSMMUP00000021537 40.98 ENSMMUG00000016401 SUGT1 
ENSMMUP00000029399 34.12 ENSMMUG00000022330 SULT1A2 
ENSMMUP00000031320 35.56 ENSMMUG00000023779 SULT1C4 
ENSMMUP00000020028 36.61 ENSMMUG00000015275 SUMF2 
ENSMMUP00000012320 42.33 ENSMMUG00000009414 SUN5 
ENSMMUP00000009871 60.34 ENSMMUG00000007521 SUOX 
ENSMMUP00000029414 33.24 ENSMMUG00000022344 SURF1 
ENSMMUP00000029418 30.38 ENSMMUG00000022348 SURF4 
ENSMMUP00000016508 69.60 ENSMMUG00000012575 SYNCRIP 
ENSMMUP00000025065 1010.79 ENSMMUG00000019048 SYNE1 
ENSMMUP00000014514 13.67 ENSMMUG00000011086 SYNJ2BP 
ENSMMUP00000025733 28.63 ENSMMUG00000019593 SYPL1 
ENSMMUP00000024720 67.62 ENSMMUG00000018781 SYVN1 
ENSMMUP00000016268 32.44 ENSMMUG00000012390 TACSTD1 
ENSMMUP00000002752 22.63 ENSMMUG00000002058 TAGLN 
ENSMMUP00000037844 33.92 ENSMMUG00000007510 TALDO1 
ENSMMUP00000008127 201.94 ENSMMUG00000006180 TANC1 
ENSMMUP00000021323 42.60 ENSMMUG00000016224 TARS 
ENSMMUP00000012964 90.76 ENSMMUG00000009907 TBC1D2B 
ENSMMUP00000027914 146.99 ENSMMUG00000021197 TBC1D4 
ENSMMUP00000007105 126.29 ENSMMUG00000005376 TBCD 
ENSMMUP00000010063 83.59 ENSMMUG00000007658 TBK1 
ENSMMUP00000011927 49.80 ENSMMUG00000009093 TBL2 
ENSMMUP00000014190 71.18 ENSMMUG00000010823 TBRG4 
ENSMMUP00000024816 13.02 ENSMMUG00000018860 TCEB2 
ENSMMUP00000003578 211.95 ENSMMUG00000002656 TCF20 
ENSMMUP00000030527 92.53 ENSMMUG00000023190 TCIRG1 
ENSMMUP00000016880 60.30 ENSMMUG00000012846 TCP1 
ENSMMUP00000028602 56.19 ENSMMUG00000021720 TCP11 
ENSMMUP00000028466 39.68 ENSMMUG00000021611 TECR 
ENSMMUP00000028344 48.18 ENSMMUG00000021519 TEKT1 
ENSMMUP00000015776 49.66 ENSMMUG00000012028 TEKT2 
ENSMMUP00000002950 56.68 ENSMMUG00000002208 TEKT3 
ENSMMUP00000029666 50.42 ENSMMUG00000022534 TEKT4 
ENSMMUP00000025931 48.04 ENSMMUG00000019726 TEKT5 
ENSMMUP00000029836 27.71 ENSMMUG00000022666 TEPP 
ENSMMUP00000002036 105.63 ENSMMUG00000001526 TEX10 
ENSMMUP00000015744 34.05 ENSMMUG00000012004 TEX264 
ENSMMUP00000011690 76.69 ENSMMUG00000008916 TF 
ENSMMUP00000016350 90.00 ENSMMUG00000012452 TGM1 
ENSMMUP00000024057 11.14 ENSMMUG00000018302 THEM6 
ENSMMUP00000036140 83.19 ENSMMUG00000022383 THNSL1 
ENSMMUP00000011701 17.93 ENSMMUG00000008923 THY1 
ENSMMUP00000019812 46.19 ENSMMUG00000015114 TICAM2 
ENSMMUP00000020688 13.82 ENSMMUG00000015757 TIMM16 
ENSMMUP00000008614 47.38 ENSMMUG00000006542 TIMM44 
ENSMMUP00000025459 50.06 ENSMMUG00000019376 TIMM50 
ENSMMUP00000014993 23.25 ENSMMUG00000011426 TIMP1 
ENSMMUP00000018959 67.65 ENSMMUG00000014433 TKT 
ENSMMUP00000039464 268.80 ENSMMUG00000031856 TLN1 
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ENSMMUP00000015100 271.70 ENSMMUG00000011503 TLN2 
ENSMMUP00000025694 75.69 ENSMMUG00000019556 TM9SF2 
ENSMMUP00000002497 67.55 ENSMMUG00000001874 TM9SF3 
ENSMMUP00000037694 72.54 ENSMMUG00000017416 TM9SF4 
ENSMMUP00000003352 67.73 ENSMMUG00000002492 TMCO4 
ENSMMUP00000019887 24.97 ENSMMUG00000015168 TMED10 
ENSMMUP00000038432 22.74 ENSMMUG00000031491 TMED2 
ENSMMUP00000003567 26.11 ENSMMUG00000002650 TMED4 
ENSMMUP00000022099 26.01 ENSMMUG00000016811 TMED5 
ENSMMUP00000007950 27.31 ENSMMUG00000006055 TMED9 
ENSMMUP00000019081 26.08 ENSMMUG00000014531 TMEM109 
ENSMMUP00000027489 21.51 ENSMMUG00000020893 TMEM11 
ENSMMUP00000021737 21.70 ENSMMUG00000016542 TMEM126A 
ENSMMUP00000020389 79.76 ENSMMUG00000015543 TMEM168 
ENSMMUP00000008496 34.20 ENSMMUG00000006446 TMEM177 
ENSMMUP00000020902 19.29 ENSMMUG00000015900 TMEM190 
ENSMMUP00000014840 21.13 ENSMMUG00000011313 TMEM205 
ENSMMUP00000000933 103.86 ENSMMUG00000000695 TMEM245 
ENSMMUP00000027553 27.98 ENSMMUG00000020940 TMEM33 
ENSMMUP00000003596 32.50 ENSMMUG00000002672 TMEM38B 
ENSMMUP00000039043 45.00 ENSMMUG00000023124 TMEM43 
ENSMMUP00000019454 31.56 ENSMMUG00000014820 TMEM53 
ENSMMUP00000025144 29.47 ENSMMUG00000019124 TMEM55B 
ENSMMUP00000007632 91.03 ENSMMUG00000005785 TMEM63A 
ENSMMUP00000004029 29.00 ENSMMUG00000003017 TMEM70 
ENSMMUP00000019060 63.44 ENSMMUG00000014515 TMEM87A 
ENSMMUP00000002984 63.60 ENSMMUG00000002231 TMEM87B 
ENSMMUP00000019294 17.51 ENSMMUG00000014706 TMEM89 
ENSMMUP00000018845 50.54 ENSMMUG00000014346 TMEM91 
ENSMMUP00000012402 49.50 ENSMMUG00000009481 TMLHE 
ENSMMUP00000024319 38.64 ENSMMUG00000018484 TMPRSS12 
ENSMMUP00000002540 31.83 ENSMMUG00000001901 TMX1 
ENSMMUP00000027824 38.91 ENSMMUG00000021137 TMX4 
ENSMMUP00000027531 97.28 ENSMMUG00000020923 TNPO1 
ENSMMUP00000004141 30.31 ENSMMUG00000003104 TOLLIP 
ENSMMUP00000017583 53.92 ENSMMUG00000013383 TOM1 
ENSMMUP00000000483 15.52 ENSMMUG00000000364 TOMM22 
ENSMMUP00000018785 37.82 ENSMMUG00000014303 TOMM40 
ENSMMUP00000011730 178.49 ENSMMUG00000008941 TOP2A 
ENSMMUP00000005056 31.88 ENSMMUG00000003794 TOR1A 
ENSMMUP00000019517 75.71 ENSMMUG00000014873 TOR1AIP1 
ENSMMUP00000006872 22.70 ENSMMUG00000005194 TPI1 
ENSMMUP00000014157 29.08 ENSMMUG00000010805 TPM3 
ENSMMUP00000021865 28.30 ENSMMUG00000016627 TPMT 
ENSMMUP00000010182 61.24 ENSMMUG00000007745 TPP1 
ENSMMUP00000009507 138.62 ENSMMUG00000007247 TPP2 
ENSMMUP00000033157 18.42 ENSMMUG00000020749 TPPP2 
ENSMMUP00000011914 78.52 ENSMMUG00000009081 TPR 
ENSMMUP00000030872 41.85 ENSMMUG00000023450 TPST2 
ENSMMUP00000006173 19.60 ENSMMUG00000031336 TPT1 
ENSMMUP00000030897 92.62 ENSMMUG00000023469 TRA1 
ENSMMUP00000001584 31.65 ENSMMUG00000001185 TRA2B 
ENSMMUP00000002015 43.12 ENSMMUG00000001516 TRAM1 
ENSMMUP00000028795 76.11 ENSMMUG00000021868 TRAP1 
ENSMMUP00000029265 16.83 ENSMMUG00000022230 TRAPPC1 
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ENSMMUP00000029598 20.27 ENSMMUG00000022499 TRAPPC3 
ENSMMUP00000036659 24.31 ENSMMUG00000016946 TRAPPC4 
ENSMMUP00000007639 70.70 ENSMMUG00000005790 TRIM25 
ENSMMUP00000021910 52.91 ENSMMUG00000016660 TRIML1 
ENSMMUP00000023635 50.69 ENSMMUG00000017983 TRNT1 
ENSMMUP00000039298 37.77 ENSMMUG00000005893 TSFM 
ENSMMUP00000027799 26.18 ENSMMUG00000021119 TSN 
ENSMMUP00000022885 41.41 ENSMMUG00000017385 TSSK2 
ENSMMUP00000016406 38.56 ENSMMUG00000012496 TSSK4 
ENSMMUP00000016214 33.43 ENSMMUG00000012349 TST 
ENSMMUP00000019242 35.82 ENSMMUG00000014664 TSTA3 
ENSMMUP00000014797 125.96 ENSMMUG00000011285 TTC18 
ENSMMUP00000021370 49.47 ENSMMUG00000016262 TTC38 
ENSMMUP00000011961 83.73 ENSMMUG00000009115 TTLL8 
ENSMMUP00000011868 2284.26 ENSMMUG00000009038 TTN 
ENSMMUP00000011870 522.28 ENSMMUG00000009038 TTN 
ENSMMUP00000027752 50.15 ENSMMUG00000021081 TUBA1B 
ENSMMUP00000008770 49.96 ENSMMUG00000006668 TUBA3C 
ENSMMUP00000037577 49.92 ENSMMUG00000019628 TUBA4A 
ENSMMUP00000031199 49.67 ENSMMUG00000023684 TUBB 
ENSMMUP00000031327 49.95 ENSMMUG00000023785 TUBB2B 
ENSMMUP00000015958 49.83 ENSMMUG00000012164 TUBB2C 
ENSMMUP00000041334 43.76 ENSMMUG00000032572 TUBB6 
ENSMMUP00000004400 49.95 ENSMMUG00000003303 TUFM 
ENSMMUP00000008086 42.71 ENSMMUG00000006154 TWF1 
ENSMMUP00000021320 11.72 ENSMMUG00000016222 TXN 
ENSMMUP00000004381 19.25 ENSMMUG00000003290 TXNDC12 
ENSMMUP00000005049 13.94 ENSMMUG00000003788 TXNDC17 
ENSMMUP00000028456 38.63 ENSMMUG00000021601 TXNDC5 
ENSMMUP00000016956 32.19 ENSMMUG00000012915 TXNL1 
ENSMMUP00000037282 56.27 ENSMMUG00000017147 TXNRD2 
ENSMMUP00000003198 27.87 ENSMMUG00000022769 U2AF1 
ENSMMUP00000006397 53.35 ENSMMUG00000004810 U2AF2 
ENSMMUP00000022942 117.92 ENSMMUG00000017428 UBA1 
ENSMMUP00000011312 50.07 ENSMMUG00000008620 UBA3 
ENSMMUP00000014859 22.41 ENSMMUG00000011325 UBE2K 
ENSMMUP00000029784 20.90 ENSMMUG00000022621 UBE2M 
ENSMMUP00000028573 36.81 ENSMMUG00000021700 UBLCP1 
ENSMMUP00000008791 561.63 ENSMMUG00000006669 UBR4 
ENSMMUP00000021964 49.67 ENSMMUG00000016709 UBXN6 
ENSMMUP00000004740 26.17 ENSMMUG00000003560 UCHL3 
ENSMMUP00000029811 37.48 ENSMMUG00000022641 UCHL5 
ENSMMUP00000002518 55.08 ENSMMUG00000001892 UGDH 
ENSMMUP00000030702 174.97 ENSMMUG00000023321 UGGT1 
ENSMMUP00000011491 55.70 ENSMMUG00000008770 UGP2 
ENSMMUP00000030651 117.02 ENSMMUG00000023286 UPF1 
ENSMMUP00000013641 34.45 ENSMMUG00000010403 UQCC 
ENSMMUP00000011547 13.47 ENSMMUG00000008804 UQCRB 
ENSMMUP00000019293 52.80 ENSMMUG00000014705 UQCRC1 
ENSMMUP00000032564 48.42 ENSMMUG00000018287 UQCRC2 
ENSMMUP00000030343 29.75 ENSMMUG00000023048 UQCRFS1 
ENSMMUP00000017069 40.38 ENSMMUG00000016623 UROD 
ENSMMUP00000018447 6.48 ENSMMUG00000014037 USMG5 
ENSMMUP00000028754 107.82 ENSMMUG00000021835 USO1 
ENSMMUP00000006871 95.80 ENSMMUG00000005192 USP5 
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ENSMMUP00000032641 125.25 ENSMMUG00000004059 USP7 
ENSMMUP00000018085 291.37 ENSMMUG00000013753 USP9X 
ENSMMUP00000024413 11.37 ENSMMUG00000018559 VAMP3 
ENSMMUP00000036389 11.44 ENSMMUG00000030785 VAMP8 
ENSMMUP00000006607 27.23 ENSMMUG00000004986 VAPB 
ENSMMUP00000008979 131.84 ENSMMUG00000006828 VARS 
ENSMMUP00000021045 42.19 ENSMMUG00000016001 VAT1 
ENSMMUP00000027409 59.73 ENSMMUG00000029671 VCL 
ENSMMUP00000026582 89.17 ENSMMUG00000020190 VCP 
ENSMMUP00000021336 30.72 ENSMMUG00000016235 VDAC1 
ENSMMUP00000011398 31.61 ENSMMUG00000008691 VDAC2 
ENSMMUP00000026578 30.63 ENSMMUG00000020185 VDAC3 
ENSMMUP00000022215 92.66 ENSMMUG00000016899 VIL1 
ENSMMUP00000004265 53.32 ENSMMUG00000003193 VIM 
ENSMMUP00000011841 11.35 ENSMMUG00000009034 VMA21 
ENSMMUP00000019510 107.42 ENSMMUG00000014864 VPS11 
ENSMMUP00000025983 360.46 ENSMMUG00000019754 VPS13A 
ENSMMUP00000029208 445.94 ENSMMUG00000022186 VPS13B 
ENSMMUP00000033539 417.52 ENSMMUG00000001362 VPS13C 
ENSMMUP00000002867 20.75 ENSMMUG00000002149 VPS25 
ENSMMUP00000009307 39.14 ENSMMUG00000007103 VPS26B 
ENSMMUP00000038644 20.50 ENSMMUG00000009255 VPS29 
ENSMMUP00000016622 27.08 ENSMMUG00000018037 VPS33A 
ENSMMUP00000015659 90.70 ENSMMUG00000011940 VPS35 
ENSMMUP00000014200 53.86 ENSMMUG00000010837 VRK3 
ENSMMUP00000018226 53.60 ENSMMUG00000013865 WARS 
ENSMMUP00000036957 27.78 ENSMMUG00000031011 WBP2NL 
ENSMMUP00000001290 66.48 ENSMMUG00000000960 WDR1 
ENSMMUP00000012303 68.32 ENSMMUG00000009399 WDR16 
ENSMMUP00000003556 47.07 ENSMMUG00000002638 WDR18 
ENSMMUP00000038382 58.60 ENSMMUG00000012227 WDR26 
ENSMMUP00000018666 33.52 ENSMMUG00000014207 WDR61 
ENSMMUP00000003559 78.44 ENSMMUG00000002642 WDR65 
ENSMMUP00000000859 95.13 ENSMMUG00000000641 WDR78 
ENSMMUP00000020101 192.13 ENSMMUG00000015328 WDR96 
ENSMMUP00000038002 27.42 ENSMMUG00000003805 WFDC8 
ENSMMUP00000017618 100.30 ENSMMUG00000013414 WFS1 
ENSMMUP00000009784 125.40 ENSMMUG00000007457 WWC1 
ENSMMUP00000000757 146.13 ENSMMUG00000000561 XDH 
ENSMMUP00000035652 62.11 ENSMMUG00000015117 XPNPEP1 
ENSMMUP00000009112 123.39 ENSMMUG00000006941 XPO1 
ENSMMUP00000002718 123.38 ENSMMUG00000002032 XPO7 
ENSMMUP00000002469 64.26 ENSMMUG00000001856 XRCC6 
ENSMMUP00000022537 107.06 ENSMMUG00000017131 XYLT1 
ENSMMUP00000025959 59.12 ENSMMUG00000019746 YARS 
ENSMMUP00000003265 22.42 ENSMMUG00000002430 YKT6 
ENSMMUP00000017350 28.08 ENSMMUG00000013206 YWHAB 
ENSMMUP00000005516 28.30 ENSMMUG00000004125 YWHAG 
ENSMMUP00000013010 28.22 ENSMMUG00000009945 YWHAH 
ENSMMUP00000034863 27.82 ENSMMUG00000000721 YWHAQ 
ENSMMUP00000008547 27.75 ENSMMUG00000006489 YWHAZ 
ENSMMUP00000019570 40.71 ENSMMUG00000014915 ZADH2 
ENSMMUP00000006236 298.02 ENSMMUG00000022840 ZAN 
ENSMMUP00000008624 102.36 ENSMMUG00000006550 ZC3HAV1 
ENSMMUP00000016310 25.41 ENSMMUG00000012426 ZDHHC21 
359 
ENSMMUP00000001385 41.77 ENSMMUG00000001034 ZMYND12 
ENSMMUP00000018010 40.04 ENSMMUG00000013690 ZPBP 
ENSMMUP00000034605 37.17 ENSMMUG00000017341 ZPBP2 
ENSMMUP00000000653 34.98 ENSMMUG00000000478  
ENSMMUP00000000981 36.25 ENSMMUG00000030394  
ENSMMUP00000001377 56.98 ENSMMUG00000001027  
ENSMMUP00000004409 81.54 ENSMMUG00000003308  
ENSMMUP00000005346 134.54 ENSMMUG00000004009  
ENSMMUP00000008024 170.48 ENSMMUG00000006106  
ENSMMUP00000008031 177.66 ENSMMUG00000006109  
ENSMMUP00000009119 66.69 ENSMMUG00000006946  
ENSMMUP00000010339 46.65 ENSMMUG00000007870  
ENSMMUP00000011788 64.37 ENSMMUG00000009003  
ENSMMUP00000011909 29.98 ENSMMUG00000009079  
ENSMMUP00000012363 60.65 ENSMMUG00000009454  
ENSMMUP00000014421 8.33 ENSMMUG00000011012  
ENSMMUP00000016475 28.09 ENSMMUG00000012551  
ENSMMUP00000020738 32.97 ENSMMUG00000015781  
ENSMMUP00000021420 47.48 ENSMMUG00000016306  
ENSMMUP00000021485 83.26 ENSMMUG00000016363  
ENSMMUP00000021664 124.14 ENSMMUG00000016488  
ENSMMUP00000024288 104.85 ENSMMUG00000018463  
ENSMMUP00000025458 10.44 ENSMMUG00000019378  
ENSMMUP00000027398 42.24 ENSMMUG00000020813  
ENSMMUP00000027408 55.70 ENSMMUG00000020823  
ENSMMUP00000028587 64.40 ENSMMUG00000021709  
ENSMMUP00000028588 61.86 ENSMMUG00000021710  
ENSMMUP00000029912 70.31 ENSMMUG00000022716  
ENSMMUP00000034259 176.81 ENSMMUG00000011880  
ENSMMUP00000035567 15.28 ENSMMUG00000021139  
ENSMMUP00000040402 28.05 ENSMMUG00000032181  
ENSMMUP00000040403 26.74 ENSMMUG00000032182  
 
Proximal Corpus Sperm Proteome 
Ensembl Protein ID 
Molecular 
Weight (kDa) Ensembl Gene ID Gene Name 
ENSMMUP00000028514 106.61 ENSMMUG00000021653 AARS 
ENSMMUP00000003495 179.05 ENSMMUG00000018286 ABCA15 
ENSMMUP00000014135 139.56 ENSMMUG00000010788 ABCB4 
ENSMMUP00000025762 94.05 ENSMMUG00000019616 ABCB6 
ENSMMUP00000020498 82.76 ENSMMUG00000015619 ABCB7 
ENSMMUP00000004558 126.21 ENSMMUG00000005914 ABCC1 
ENSMMUP00000010874 154.16 ENSMMUG00000008290 ABCC11 
ENSMMUP00000028722 149.42 ENSMMUG00000021807 ABCC4 
ENSMMUP00000016750 83.05 ENSMMUG00000012746 ABCD1 
ENSMMUP00000018416 74.90 ENSMMUG00000014013 ABCD3 
ENSMMUP00000000937 33.76 ENSMMUG00000000696 ABHD10 
ENSMMUP00000019117 33.55 ENSMMUG00000014557 ABHD11 
ENSMMUP00000012062 44.98 ENSMMUG00000009201 ABHD12 
ENSMMUP00000025827 22.44 ENSMMUG00000019657 ABHD14B 
ENSMMUP00000020586 63.18 ENSMMUG00000015686 ABHD16A 
ENSMMUP00000030049 9.03 ENSMMUG00000022821 ABRACL 
ENSMMUP00000001337 47.41 ENSMMUG00000000990 ACAA1 
ENSMMUP00000004053 41.48 ENSMMUG00000003040 ACAA2 
ENSMMUP00000012252 265.83 ENSMMUG00000009349 ACACA 
360 
ENSMMUP00000009312 44.84 ENSMMUG00000007107 ACAD8 
ENSMMUP00000008358 68.92 ENSMMUG00000006338 ACAD9 
ENSMMUP00000013785 47.96 ENSMMUG00000010517 ACADL 
ENSMMUP00000009469 50.39 ENSMMUG00000007220 ACADM 
ENSMMUP00000027174 44.35 ENSMMUG00000020648 ACADS 
ENSMMUP00000000920 45.94 ENSMMUG00000000684 ACADSB 
ENSMMUP00000013817 72.76 ENSMMUG00000010538 ACADVL 
ENSMMUP00000005565 45.10 ENSMMUG00000004161 ACAT1 
ENSMMUP00000021549 58.13 ENSMMUG00000016410 ACBD5 
ENSMMUP00000026920 78.10 ENSMMUG00000020442 ACCN3 
ENSMMUP00000016555 140.81 ENSMMUG00000012608 ACE 
ENSMMUP00000017040 151.88 ENSMMUG00000012979 ACIN1 
ENSMMUP00000024909 65.27 ENSMMUG00000018931 ACLY 
ENSMMUP00000010735 101.28 ENSMMUG00000008196 ACO1 
ENSMMUP00000001942 85.35 ENSMMUG00000001454 ACO2 
ENSMMUP00000034354 14.93 ENSMMUG00000029939 ACOT13 
ENSMMUP00000009010 52.92 ENSMMUG00000006855 ACOT2 
ENSMMUP00000005471 41.90 ENSMMUG00000004094 ACOT7 
ENSMMUP00000018616 74.76 ENSMMUG00000014172 ACOX1 
ENSMMUP00000008198 65.67 ENSMMUG00000006234 ACOX3 
ENSMMUP00000022497 18.02 ENSMMUG00000017097 ACP1 
ENSMMUP00000039205 48.56 ENSMMUG00000013561 ACP6 
ENSMMUP00000025884 55.17 ENSMMUG00000019697 ACPL2 
ENSMMUP00000007394 43.64 ENSMMUG00000005592 ACR 
ENSMMUP00000022339 61.52 ENSMMUG00000016983 ACRBP 
ENSMMUP00000019440 26.26 ENSMMUG00000014812 ACRV1 
ENSMMUP00000024921 69.10 ENSMMUG00000018937 ACSBG2 
ENSMMUP00000022670 63.48 ENSMMUG00000017236 ACSF2 
ENSMMUP00000015972 77.90 ENSMMUG00000012177 ACSL1 
ENSMMUP00000007128 80.37 ENSMMUG00000005393 ACSL3 
ENSMMUP00000005601 74.39 ENSMMUG00000004188 ACSL4 
ENSMMUP00000022230 68.24 ENSMMUG00000016909 ACSL6 
ENSMMUP00000011787 65.12 ENSMMUG00000009002 ACSM5 
ENSMMUP00000018151 75.10 ENSMMUG00000013800 ACSS3 
ENSMMUP00000012328 41.74 ENSMMUG00000009425 ACTB 
ENSMMUP00000009222 42.02 ENSMMUG00000007027 ACTC1 
ENSMMUP00000030994 26.70 ENSMMUG00000023549 ACTL10 
ENSMMUP00000025431 48.71 ENSMMUG00000019355 ACTL7A 
ENSMMUP00000001111 45.74 ENSMMUG00000000818 ACTL9 
ENSMMUP00000008470 104.86 ENSMMUG00000006429 ACTN4 
ENSMMUP00000015668 42.62 ENSMMUG00000011949 ACTR1A 
ENSMMUP00000003020 44.76 ENSMMUG00000002263 ACTR2 
ENSMMUP00000019703 47.30 ENSMMUG00000015032 ACTR3 
ENSMMUP00000016190 41.48 ENSMMUG00000012334 ACTRT2 
ENSMMUP00000028801 46.90 ENSMMUG00000021874 ACTRT3 
ENSMMUP00000004864 30.16 ENSMMUG00000003646 ACY1 
ENSMMUP00000029143 75.97 ENSMMUG00000022134 ADAM18 
ENSMMUP00000004194 82.40 ENSMMUG00000003137 ADAM2 
ENSMMUP00000000284 71.93 ENSMMUG00000000202 ADAM20 
ENSMMUP00000007032 86.03 ENSMMUG00000005317 ADAM28 
ENSMMUP00000023007 87.64 ENSMMUG00000017482 ADAM30 
ENSMMUP00000032138 88.35 ENSMMUG00000029007 ADAM32 
ENSMMUP00000010384 85.82 ENSMMUG00000007909 ADAM7 
ENSMMUP00000017977 188.77 ENSMMUG00000013670 ADAMTSL3 
ENSMMUP00000009680 65.86 ENSMMUG00000007376 ADCK5 
361 
ENSMMUP00000004729 39.78 ENSMMUG00000003552 ADH5 
ENSMMUP00000014747 41.54 ENSMMUG00000011253 ADH7 
ENSMMUP00000014834 53.95 ENSMMUG00000011309 ADPGK 
ENSMMUP00000015779 39.08 ENSMMUG00000012030 ADPRHL2 
ENSMMUP00000007062 41.16 ENSMMUG00000005341 ADSL 
ENSMMUP00000027808 90.22 ENSMMUG00000021125 AFG3L2 
ENSMMUP00000009701 37.42 ENSMMUG00000007393 AGA 
ENSMMUP00000027654 47.10 ENSMMUG00000021017 AGK 
ENSMMUP00000024560 42.12 ENSMMUG00000018668 AGPAT5 
ENSMMUP00000011141 73.08 ENSMMUG00000008502 AGPS 
ENSMMUP00000022436 19.95 ENSMMUG00000017050 AGR2 
ENSMMUP00000037351 479.98 ENSMMUG00000022301 AHNAK 
ENSMMUP00000006569 66.29 ENSMMUG00000004954 AIFM1 
ENSMMUP00000020693 34.33 ENSMMUG00000015759 AIMP1 
ENSMMUP00000035508 33.42 ENSMMUG00000030420 AIMP2 
ENSMMUP00000018395 21.62 ENSMMUG00000013998 AK1 
ENSMMUP00000008266 25.62 ENSMMUG00000006284 AK2 
ENSMMUP00000000191 25.48 ENSMMUG00000000143 AK3 
ENSMMUP00000004532 82.85 ENSMMUG00000003397 AK7 
ENSMMUP00000012974 54.74 ENSMMUG00000009916 AK8 
ENSMMUP00000030620 191.35 ENSMMUG00000023265 AKAP12 
ENSMMUP00000027397 94.65 ENSMMUG00000020812 AKAP3 
ENSMMUP00000030361 64.47 ENSMMUG00000023060 AKAP4 
ENSMMUP00000041059 23.52 ENSMMUG00000023060 AKAP4 
ENSMMUP00000001238 29.38 ENSMMUG00000000917 AKR1B1 
ENSMMUP00000009048 36.76 ENSMMUG00000006891 AKR7A2 
ENSMMUP00000039724 38.90 ENSMMUG00000031965 ALAD 
ENSMMUP00000005100 68.87 ENSMMUG00000003827 ALB 
ENSMMUP00000011950 64.97 ENSMMUG00000009107 ALCAM 
ENSMMUP00000004139 87.33 ENSMMUG00000003102 ALDH18A1 
ENSMMUP00000017493 54.80 ENSMMUG00000013303 ALDH1A1 
ENSMMUP00000038620 51.82 ENSMMUG00000008336 ALDH2 
ENSMMUP00000018567 57.58 ENSMMUG00000014130 ALDH3A2 
ENSMMUP00000006318 46.88 ENSMMUG00000004751 ALDH4A1 
ENSMMUP00000025444 57.01 ENSMMUG00000019368 ALDH5A1 
ENSMMUP00000016657 58.15 ENSMMUG00000012684 ALDH6A1 
ENSMMUP00000036869 55.29 ENSMMUG00000002489 ALDH7A1 
ENSMMUP00000020979 53.50 ENSMMUG00000015946 ALDH9A1 
ENSMMUP00000001319 39.43 ENSMMUG00000000983 ALDOA 
ENSMMUP00000026743 39.44 ENSMMUG00000020322 ALDOC 
ENSMMUP00000014774 54.31 ENSMMUG00000011273 ALG12 
ENSMMUP00000013969 47.11 ENSMMUG00000010662 ALG2 
ENSMMUP00000004782 36.92 ENSMMUG00000003585 ALG5 
ENSMMUP00000035389 74.83 ENSMMUG00000030381 ALOX15 
ENSMMUP00000002960 57.46 ENSMMUG00000002217 ALPL 
ENSMMUP00000000405 17.73 ENSMMUG00000000299 AMH 
ENSMMUP00000019329 205.01 ENSMMUG00000014726 ANK1 
ENSMMUP00000034878 431.71 ENSMMUG00000008633 ANK2 
ENSMMUP00000004790 479.83 ENSMMUG00000003589 ANK3 
ENSMMUP00000020948 86.92 ENSMMUG00000015923 ANKRD5 
ENSMMUP00000001380 73.59 ENSMMUG00000001029 ANO10 
ENSMMUP00000019645 109.91 ENSMMUG00000014983 ANPEP 
ENSMMUP00000016637 38.73 ENSMMUG00000012667 ANXA1 
ENSMMUP00000026008 54.32 ENSMMUG00000019780 ANXA11 
ENSMMUP00000015738 38.61 ENSMMUG00000012000 ANXA2 
362 
ENSMMUP00000001151 36.02 ENSMMUG00000000857 ANXA4 
ENSMMUP00000012054 35.65 ENSMMUG00000009194 ANXA5 
ENSMMUP00000027707 74.95 ENSMMUG00000021053 ANXA6 
ENSMMUP00000020625 52.82 ENSMMUG00000015708 ANXA7 
ENSMMUP00000028164 104.60 ENSMMUG00000021380 AP1B1 
ENSMMUP00000014261 92.02 ENSMMUG00000010878 AP1G1 
ENSMMUP00000018433 48.59 ENSMMUG00000014026 AP1M1 
ENSMMUP00000018473 18.62 ENSMMUG00000014055 AP1S2 
ENSMMUP00000015243 105.39 ENSMMUG00000011612 AP2A1 
ENSMMUP00000004831 103.98 ENSMMUG00000003620 AP2A2 
ENSMMUP00000007939 105.54 ENSMMUG00000006048 AP2B1 
ENSMMUP00000008633 49.39 ENSMMUG00000006557 AP2M1 
ENSMMUP00000031555 17.02 ENSMMUG00000000833 AP2S1 
ENSMMUP00000020554 136.88 ENSMMUG00000015663 AP3D1 
ENSMMUP00000000446 300.08 ENSMMUG00000000330 APC 
ENSMMUP00000004073 243.78 ENSMMUG00000003053 APC2 
ENSMMUP00000008795 25.31 ENSMMUG00000006685 APCS 
ENSMMUP00000007600 46.57 ENSMMUG00000005755 APMAP 
ENSMMUP00000003528 26.77 ENSMMUG00000002623 APOA1BP 
ENSMMUP00000021209 30.74 ENSMMUG00000016125 APOA4 
ENSMMUP00000005360 24.90 ENSMMUG00000004017 APOBEC3C 
ENSMMUP00000021484 22.31 ENSMMUG00000016361 APOO 
ENSMMUP00000040944 29.28 ENSMMUG00000004335 APOOL 
ENSMMUP00000018174 19.73 ENSMMUG00000013824 APRT 
ENSMMUP00000039362 37.14 ENSMMUG00000001545 AQP7 
ENSMMUP00000003423 57.18 ENSMMUG00000002543 ARCN1 
ENSMMUP00000003743 20.70 ENSMMUG00000002792 ARF1 
ENSMMUP00000024494 20.51 ENSMMUG00000018617 ARF4 
ENSMMUP00000020232 18.02 ENSMMUG00000015423 ARF5 
ENSMMUP00000020526 20.08 ENSMMUG00000015642 ARF6 
ENSMMUP00000037126 50.51 ENSMMUG00000007831 ARHGAP1 
ENSMMUP00000026797 75.13 ENSMMUG00000020365 ARHGAP18 
ENSMMUP00000033902 25.66 ENSMMUG00000009949 ARHGDIA 
ENSMMUP00000038802 15.86 ENSMMUG00000031610 ARL1 
ENSMMUP00000016165 18.16 ENSMMUG00000012320 ARL2 
ENSMMUP00000016328 31.42 ENSMMUG00000012435 ARMC10 
ENSMMUP00000040467 18.99 ENSMMUG00000032201 ARMC12 
ENSMMUP00000013614 96.34 ENSMMUG00000010384 ARMC3 
ENSMMUP00000027190 115.61 ENSMMUG00000020661 ARMC4 
ENSMMUP00000020539 42.44 ENSMMUG00000015655 ARMCX3 
ENSMMUP00000001943 38.49 ENSMMUG00000001458 ARPC1B 
ENSMMUP00000030034 34.33 ENSMMUG00000022808 ARPC2 
ENSMMUP00000039744 19.49 ENSMMUG00000031972 ARPC4 
ENSMMUP00000031950 35.50 ENSMMUG00000028922 ARRDC5 
ENSMMUP00000021382 53.71 ENSMMUG00000016274 ARSA 
ENSMMUP00000027507 34.77 ENSMMUG00000020907 ART3 
ENSMMUP00000020335 44.81 ENSMMUG00000015497 ASAH1 
ENSMMUP00000008257 34.65 ENSMMUG00000006275 ASNA1 
ENSMMUP00000000338 409.63 ENSMMUG00000000245 ASPM 
ENSMMUP00000018182 32.13 ENSMMUG00000013831 ASRGL1 
ENSMMUP00000025233 46.29 ENSMMUG00000019199 ASS1 
ENSMMUP00000040682 63.86 ENSMMUG00000001549 ATAD3B 
ENSMMUP00000007625 63.52 ENSMMUG00000005776 ATL3 
ENSMMUP00000005561 338.22 ENSMMUG00000004153 ATM 
ENSMMUP00000040787 127.91 ENSMMUG00000007234 ATP11C 
363 
ENSMMUP00000012772 125.97 ENSMMUG00000009764 ATP13A4 
ENSMMUP00000010673 112.91 ENSMMUG00000008151 ATP1A1 
ENSMMUP00000023453 109.50 ENSMMUG00000017836 ATP1A4 
ENSMMUP00000027746 35.00 ENSMMUG00000021078 ATP1B1 
ENSMMUP00000038541 31.51 ENSMMUG00000012256 ATP1B3 
ENSMMUP00000002322 111.28 ENSMMUG00000001739 ATP2A2 
ENSMMUP00000030778 134.69 ENSMMUG00000023378 ATP2B1 
ENSMMUP00000027791 137.72 ENSMMUG00000021116 ATP2B4 
ENSMMUP00000004753 59.75 ENSMMUG00000003570 ATP5A1 
ENSMMUP00000035315 56.40 ENSMMUG00000030356 ATP5B 
ENSMMUP00000012071 33.08 ENSMMUG00000009207 ATP5C1 
ENSMMUP00000004417 28.78 ENSMMUG00000003313 ATP5F1 
ENSMMUP00000015287 18.51 ENSMMUG00000011647 ATP5H 
ENSMMUP00000023168 11.43 ENSMMUG00000017604 ATP5L 
ENSMMUP00000020340 23.25 ENSMMUG00000015504 ATP5O 
ENSMMUP00000040748 51.82 ENSMMUG00000005501 ATP6AP1 
ENSMMUP00000029815 96.40 ENSMMUG00000022644 ATP6V0A1 
ENSMMUP00000002167 40.40 ENSMMUG00000001618 ATP6V0D2 
ENSMMUP00000027293 68.33 ENSMMUG00000020740 ATP6V1A 
ENSMMUP00000026300 56.53 ENSMMUG00000020000 ATP6V1B2 
ENSMMUP00000005433 53.76 ENSMMUG00000004064 ATP6V1H 
ENSMMUP00000004875 32.76 ENSMMUG00000003657 ATPAF2 
ENSMMUP00000020756 35.61 ENSMMUG00000015798 AUH 
ENSMMUP00000037366 36.61 ENSMMUG00000031126 B3GAT3 
ENSMMUP00000022372 56.13 ENSMMUG00000017005 BAG5 
ENSMMUP00000007013 69.33 ENSMMUG00000005302 BAG6 
ENSMMUP00000025131 10.06 ENSMMUG00000019114 BANF1 
ENSMMUP00000021095 10.34 ENSMMUG00000016037 BANF2 
ENSMMUP00000034109 48.99 ENSMMUG00000008839 BAT1 
ENSMMUP00000027008 38.83 ENSMMUG00000020506 BBS5 
ENSMMUP00000016741 27.91 ENSMMUG00000012744 BCAP31 
ENSMMUP00000031538 44.20 ENSMMUG00000010079 BCAT2 
ENSMMUP00000006415 43.72 ENSMMUG00000004829 BCKDHB 
ENSMMUP00000037625 47.47 ENSMMUG00000006740 BCS1L 
ENSMMUP00000002705 38.13 ENSMMUG00000002021 BDH1 
ENSMMUP00000001420 96.73 ENSMMUG00000001061 BICD2 
ENSMMUP00000025241 57.67 ENSMMUG00000019206 BLK 
ENSMMUP00000001376 52.03 ENSMMUG00000001026 BLMH 
ENSMMUP00000017377 11.85 ENSMMUG00000013227 BLOC1S1 
ENSMMUP00000022883 33.46 ENSMMUG00000017382 BLVRA 
ENSMMUP00000020467 20.15 ENSMMUG00000015603 BLVRB 
ENSMMUP00000009608 16.91 ENSMMUG00000007331 BOLA2 
ENSMMUP00000006109 30.01 ENSMMUG00000004598 BPGM 
ENSMMUP00000011122 32.46 ENSMMUG00000008483 BPHL 
ENSMMUP00000034157 324.58 ENSMMUG00000009734 BPTF 
ENSMMUP00000013422 33.67 ENSMMUG00000010253 BRCC3 
ENSMMUP00000018423 94.83 ENSMMUG00000014018 BRDT 
ENSMMUP00000006897 26.34 ENSMMUG00000005213 BRI3BP 
ENSMMUP00000013616 14.31 ENSMMUG00000010387 BRP44 
ENSMMUP00000015402 11.64 ENSMMUG00000011739 BRP44L 
ENSMMUP00000011148 262.93 ENSMMUG00000008504 BRWD1 
ENSMMUP00000018869 72.42 ENSMMUG00000014363 BSCL2 
ENSMMUP00000024655 41.73 ENSMMUG00000018740 BSG 
ENSMMUP00000023593 11.09 ENSMMUG00000017948 BSPH1 
ENSMMUP00000017126 58.81 ENSMMUG00000013038 BTBD16 
364 
ENSMMUP00000027325 49.39 ENSMMUG00000020762 BTD 
ENSMMUP00000004124 37.15 ENSMMUG00000003092 BUB3 
ENSMMUP00000035112 39.45 ENSMMUG00000017045 BZW2 
ENSMMUP00000029020 42.47 ENSMMUG00000022034 C11H12orf10 
ENSMMUP00000036772 35.12 ENSMMUG00000011649 C11ORF54 
ENSMMUP00000028023 17.75 ENSMMUG00000021282 C11orf59 
ENSMMUP00000030495 32.43 ENSMMUG00000023168 C12H2orf47 
ENSMMUP00000037636 43.71 ENSMMUG00000031218 C12H2orf62 
ENSMMUP00000016800 27.53 ENSMMUG00000012788 C12orf60 
ENSMMUP00000013807 20.62 ENSMMUG00000010534 C13H2orf51 
ENSMMUP00000003211 44.70 ENSMMUG00000002393 C13H2orf53 
ENSMMUP00000018777 23.31 ENSMMUG00000014296 C13H2orf70 
ENSMMUP00000036814 13.33 ENSMMUG00000010119 C14H11orf67 
ENSMMUP00000020832 26.62 ENSMMUG00000015844 C15H9orf135 
ENSMMUP00000027337 29.93 ENSMMUG00000020771 C15H9orf24 
ENSMMUP00000022627 17.66 ENSMMUG00000017201 C16H17orf98 
ENSMMUP00000020894 22.78 ENSMMUG00000015891 C16ORF80 
ENSMMUP00000022654 43.91 ENSMMUG00000017225 C16orf89 
ENSMMUP00000030815 87.35 ENSMMUG00000023406 C17orf28 
ENSMMUP00000030671 28.52 ENSMMUG00000023299 C18orf55 
ENSMMUP00000031956 12.34 ENSMMUG00000028924 C19orf10 
ENSMMUP00000000016 17.62 ENSMMUG00000000015 C1orf100 
ENSMMUP00000040591 22.80 ENSMMUG00000021870 C1orf158 
ENSMMUP00000017533 33.87 ENSMMUG00000013341 C1orf228 
ENSMMUP00000011919 51.36 ENSMMUG00000009085 C1ORF27 
ENSMMUP00000002624 26.85 ENSMMUG00000001966 C1orf68 
ENSMMUP00000030395 38.36 ENSMMUG00000023087 C1ORF69 
ENSMMUP00000008669 31.51 ENSMMUG00000006592 C1QBP 
ENSMMUP00000001203 51.19 ENSMMUG00000000899 C20H16orf58 
ENSMMUP00000027475 29.49 ENSMMUG00000020880 C20H16orf93 
ENSMMUP00000018889 119.51 ENSMMUG00000014380 C20ORF132 
ENSMMUP00000037413 141.02 ENSMMUG00000011429 C20orf26 
ENSMMUP00000036657 226.09 ENSMMUG00000030890 C2orf16 
ENSMMUP00000004469 37.41 ENSMMUG00000003355 C2orf43 
ENSMMUP00000035705 27.93 ENSMMUG00000005272 C3H21orf33 
ENSMMUP00000020581 29.52 ENSMMUG00000015684 C3H7orf62 
ENSMMUP00000015763 32.09 ENSMMUG00000012014 C3orf1 
ENSMMUP00000039939 82.91 ENSMMUG00000000907 C3ORF15 
ENSMMUP00000019403 99.69 ENSMMUG00000014780 C3orf20 
ENSMMUP00000017571 35.90 ENSMMUG00000013372 C3ORF31 
ENSMMUP00000024120 51.15 ENSMMUG00000018343 C4H6orf211 
ENSMMUP00000004652 21.67 ENSMMUG00000003488 C4orf45 
ENSMMUP00000034677 33.97 ENSMMUG00000030085 C5orf35 
ENSMMUP00000020991 15.47 ENSMMUG00000015958 C6H5orf48 
ENSMMUP00000018135 84.70 ENSMMUG00000013791 C6orf103 
ENSMMUP00000018136 69.83 ENSMMUG00000013791 C6orf103 
ENSMMUP00000015822 15.86 ENSMMUG00000012064 C7H14orf1 
ENSMMUP00000027838 34.26 ENSMMUG00000021143 C7H15orf26 
ENSMMUP00000007523 68.24 ENSMMUG00000005701 C7orf31 
ENSMMUP00000024206 62.89 ENSMMUG00000018402 C7ORF43 
ENSMMUP00000035442 23.69 ENSMMUG00000030395 C7ORF61 
ENSMMUP00000021677 23.43 ENSMMUG00000016496 C8ORF37 
ENSMMUP00000013307 32.20 ENSMMUG00000010179 C8orf74 
ENSMMUP00000014309 17.87 ENSMMUG00000010907 C9H10orf82 
ENSMMUP00000006099 29.06 ENSMMUG00000004588 C9orf171 
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ENSMMUP00000008147 17.18 ENSMMUG00000006197 C9ORF46 
ENSMMUP00000024827 39.04 ENSMMUG00000018870 C9ORF64 
ENSMMUP00000027857 19.26 ENSMMUG00000021158 C9orf9 
ENSMMUP00000018892 28.96 ENSMMUG00000014383 CA1 
ENSMMUP00000019548 29.27 ENSMMUG00000014891 CA2 
ENSMMUP00000010395 35.35 ENSMMUG00000007917 CA4 
ENSMMUP00000012818 39.90 ENSMMUG00000009793 CAB39 
ENSMMUP00000005816 51.84 ENSMMUG00000004346 CABYR 
ENSMMUP00000005818 41.11 ENSMMUG00000004346 CABYR 
ENSMMUP00000004736 237.19 ENSMMUG00000003555 CACNA1A 
ENSMMUP00000005869 48.11 ENSMMUG00000004392 CALR 
ENSMMUP00000015707 52.26 ENSMMUG00000011974 CAMK4 
ENSMMUP00000010884 136.38 ENSMMUG00000008300 CAND1 
ENSMMUP00000016246 67.60 ENSMMUG00000012370 CANX 
ENSMMUP00000012041 51.60 ENSMMUG00000009188 CAP1 
ENSMMUP00000036393 38.53 ENSMMUG00000002675 CAPG 
ENSMMUP00000017716 81.96 ENSMMUG00000013475 CAPN1 
ENSMMUP00000016912 77.06 ENSMMUG00000012876 CAPN11 
ENSMMUP00000000343 28.20 ENSMMUG00000000249 CAPNS1 
ENSMMUP00000020564 31.41 ENSMMUG00000015668 CAPZA1 
ENSMMUP00000008923 32.95 ENSMMUG00000006784 CAPZA2 
ENSMMUP00000029193 35.04 ENSMMUG00000022176 CAPZA3 
ENSMMUP00000009051 30.26 ENSMMUG00000006894 CAPZB 
ENSMMUP00000016632 41.48 ENSMMUG00000012663 CARKD 
ENSMMUP00000020159 83.55 ENSMMUG00000015377 CASC1 
ENSMMUP00000024183 27.59 ENSMMUG00000018392 CASP14 
ENSMMUP00000037892 53.84 ENSMMUG00000031296 CASP8 
ENSMMUP00000003264 59.94 ENSMMUG00000002429 CAT 
ENSMMUP00000019612 125.66 ENSMMUG00000014950 CATSPERB 
ENSMMUP00000027257 40.08 ENSMMUG00000028918 CATSPERD 
ENSMMUP00000018746 133.63 ENSMMUG00000014273 CATSPERG 
ENSMMUP00000018556 33.84 ENSMMUG00000014122 CAV1 
ENSMMUP00000027080 29.80 ENSMMUG00000020565 CBR1 
ENSMMUP00000020940 25.38 ENSMMUG00000015921 CBR4 
ENSMMUP00000033742 15.89 ENSMMUG00000029714 CBY3 
ENSMMUP00000024741 47.93 ENSMMUG00000018795 CCBL2 
ENSMMUP00000018088 25.71 ENSMMUG00000013758 CCDC105 
ENSMMUP00000001056 217.91 ENSMMUG00000000783 CCDC108 
ENSMMUP00000026845 32.50 ENSMMUG00000020402 CCDC109A 
ENSMMUP00000011862 62.10 ENSMMUG00000009049 CCDC11 
ENSMMUP00000015139 27.76 ENSMMUG00000011531 CCDC134 
ENSMMUP00000020600 94.08 ENSMMUG00000015692 CCDC135 
ENSMMUP00000035664 103.14 ENSMMUG00000015339 CCDC147 
ENSMMUP00000014884 65.46 ENSMMUG00000011342 CCDC19 
ENSMMUP00000012536 107.28 ENSMMUG00000009588 CCDC40 
ENSMMUP00000004565 37.84 ENSMMUG00000003424 CCDC42 
ENSMMUP00000004388 53.07 ENSMMUG00000003297 CCDC63 
ENSMMUP00000009152 57.15 ENSMMUG00000006970 CCDC65 
ENSMMUP00000026539 29.44 ENSMMUG00000020154 CCDC90B 
ENSMMUP00000039489 66.70 ENSMMUG00000010214 CCIN 
ENSMMUP00000008832 39.34 ENSMMUG00000006713 CCNY 
ENSMMUP00000014181 57.49 ENSMMUG00000010820 CCT2 
ENSMMUP00000038741 60.53 ENSMMUG00000019034 CCT3 
ENSMMUP00000004237 53.66 ENSMMUG00000013973 CCT4 
ENSMMUP00000026476 59.67 ENSMMUG00000020112 CCT5 
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ENSMMUP00000020026 58.34 ENSMMUG00000015272 CCT6A 
ENSMMUP00000008442 44.86 ENSMMUG00000006399 CCT6B 
ENSMMUP00000016341 59.36 ENSMMUG00000012448 CCT7 
ENSMMUP00000004035 59.37 ENSMMUG00000003023 CCT8 
ENSMMUP00000023413 161.62 ENSMMUG00000017806 CD109 
ENSMMUP00000009335 44.08 ENSMMUG00000007129 CD46 
ENSMMUP00000015373 37.32 ENSMMUG00000011711 CD55 
ENSMMUP00000037079 14.04 ENSMMUG00000006062 CD59 
ENSMMUP00000002734 25.76 ENSMMUG00000002043 CD81 
ENSMMUP00000040537 21.26 ENSMMUG00000022009 CDC42 
ENSMMUP00000015550 91.49 ENSMMUG00000011850 CDH1 
ENSMMUP00000024972 26.81 ENSMMUG00000018985 CDIPT 
ENSMMUP00000037355 46.49 ENSMMUG00000031124 CECR5 
ENSMMUP00000025098 302.18 ENSMMUG00000019089 CENPE 
ENSMMUP00000020521 357.04 ENSMMUG00000015634 CENPF 
ENSMMUP00000020708 96.26 ENSMMUG00000015767 CEP120 
ENSMMUP00000012986 133.42 ENSMMUG00000009925 CEP135 
ENSMMUP00000026173 175.54 ENSMMUG00000019914 CEP170 
ENSMMUP00000009621 281.00 ENSMMUG00000007335 CEP250 
ENSMMUP00000002329 44.05 ENSMMUG00000001743 CEP44 
ENSMMUP00000014637 38.65 ENSMMUG00000011178 CERS4 
ENSMMUP00000012361 58.68 ENSMMUG00000007651 CES1 
ENSMMUP00000010049 64.76 ENSMMUG00000007649 CES5A 
ENSMMUP00000025002 16.83 ENSMMUG00000019016 CFL1 
ENSMMUP00000039436 26.12 ENSMMUG00000031842 CHCHD3 
ENSMMUP00000021977 26.25 ENSMMUG00000016719 CHCHD6 
ENSMMUP00000018527 197.07 ENSMMUG00000014090 CHD1 
ENSMMUP00000029252 222.04 ENSMMUG00000022221 CHD3 
ENSMMUP00000021427 326.19 ENSMMUG00000016310 CHD9 
ENSMMUP00000025315 65.28 ENSMMUG00000019266 CHDH 
ENSMMUP00000004830 44.93 ENSMMUG00000003618 CHID1 
ENSMMUP00000026965 33.53 ENSMMUG00000020472 CIAPIN1 
ENSMMUP00000029100 18.65 ENSMMUG00000022101 CIRBP 
ENSMMUP00000026062 12.20 ENSMMUG00000019823 CISD1 
ENSMMUP00000026115 231.54 ENSMMUG00000019861 CIT 
ENSMMUP00000008487 56.02 ENSMMUG00000006438 CKAP4 
ENSMMUP00000004848 202.35 ENSMMUG00000003631 CKAP5 
ENSMMUP00000024964 42.65 ENSMMUG00000018977 CKB 
ENSMMUP00000002562 22.77 ENSMMUG00000001915 CLDN1 
ENSMMUP00000013835 22.51 ENSMMUG00000010551 CLDN7 
ENSMMUP00000020614 22.56 ENSMMUG00000029827 CLIC1 
ENSMMUP00000003244 28.76 ENSMMUG00000002416 CLIC4 
ENSMMUP00000000917 94.20 ENSMMUG00000000681 CLMN 
ENSMMUP00000031933 30.41 ENSMMUG00000028914 CLPP 
ENSMMUP00000003325 76.11 ENSMMUG00000002472 CLPTM1 
ENSMMUP00000006874 62.18 ENSMMUG00000005193 CLPTM1L 
ENSMMUP00000028254 25.70 ENSMMUG00000021451 CLRN1 
ENSMMUP00000007183 189.91 ENSMMUG00000010509 CLTC 
ENSMMUP00000028339 52.25 ENSMMUG00000021516 CLU 
ENSMMUP00000025348 27.37 ENSMMUG00000019294 CMA1 
ENSMMUP00000027392 48.44 ENSMMUG00000020808 CMAS 
ENSMMUP00000022868 26.00 ENSMMUG00000017375 CMPK1 
ENSMMUP00000000041 31.48 ENSMMUG00000029108 CMTM1 
ENSMMUP00000027284 310.03 ENSMMUG00000020733 CMYA5 
ENSMMUP00000011718 53.05 ENSMMUG00000008938 CNDP2 
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ENSMMUP00000021198 46.58 ENSMMUG00000016114 CNP 
ENSMMUP00000016639 268.94 ENSMMUG00000012668 CNTRL 
ENSMMUP00000025015 16.49 ENSMMUG00000019023 COA1 
ENSMMUP00000001688 104.19 ENSMMUG00000001266 COG1 
ENSMMUP00000012158 62.74 ENSMMUG00000009280 COIL 
ENSMMUP00000003490 193.68 ENSMMUG00000002595 COL14A1 
ENSMMUP00000030805 158.10 ENSMMUG00000023398 COL16A1 
ENSMMUP00000017392 151.35 ENSMMUG00000015325 COL17A1 
ENSMMUP00000017406 147.88 ENSMMUG00000013235 COL4A3 
ENSMMUP00000000736 105.74 ENSMMUG00000000544 COL6A1 
ENSMMUP00000018478 320.97 ENSMMUG00000014049 COL6A3 
ENSMMUP00000022557 24.82 ENSMMUG00000017152 COMT 
ENSMMUP00000028777 139.75 ENSMMUG00000021854 COPA 
ENSMMUP00000021600 107.03 ENSMMUG00000016444 COPB1 
ENSMMUP00000004072 102.22 ENSMMUG00000003051 COPB2 
ENSMMUP00000030656 34.47 ENSMMUG00000023291 COPE 
ENSMMUP00000017291 91.27 ENSMMUG00000013163 COPG1 
ENSMMUP00000029369 46.27 ENSMMUG00000022312 COPS4 
ENSMMUP00000006855 19.53 ENSMMUG00000005182 COPZ1 
ENSMMUP00000009234 15.97 ENSMMUG00000007039 COTL1 
ENSMMUP00000031382 56.98 ENSMMUG00000028689 COX1 
ENSMMUP00000031381 25.56 ENSMMUG00000028686 COX2 
ENSMMUP00000008898 19.70 ENSMMUG00000006763 COX4I1 
ENSMMUP00000008897 23.77 ENSMMUG00000006762 COX4NB 
ENSMMUP00000015328 12.52 ENSMMUG00000011677 COX5A 
ENSMMUP00000012731 13.79 ENSMMUG00000009730 COX5B 
ENSMMUP00000022035 10.32 ENSMMUG00000016765 COX6B1 
ENSMMUP00000000226 8.63 ENSMMUG00000000165 COX6C 
ENSMMUP00000034813 49.12 ENSMMUG00000009494 CPA5 
ENSMMUP00000008309 60.12 ENSMMUG00000006308 CPNE3 
ENSMMUP00000003103 33.12 ENSMMUG00000002323 CPPED1 
ENSMMUP00000009686 160.58 ENSMMUG00000007380 CPSF1 
ENSMMUP00000004173 87.16 ENSMMUG00000003121 CPT1B 
ENSMMUP00000009988 73.78 ENSMMUG00000007606 CPT2 
ENSMMUP00000026577 54.10 ENSMMUG00000020184 CPVL 
ENSMMUP00000015453 70.72 ENSMMUG00000011767 CRAT 
ENSMMUP00000036900 31.35 ENSMMUG00000011278 CRELD2 
ENSMMUP00000005602 28.65 ENSMMUG00000004190 CRISP1 
ENSMMUP00000026055 27.04 ENSMMUG00000019818 CRISP2 
ENSMMUP00000039909 35.24 ENSMMUG00000014593 CRYZ 
ENSMMUP00000025796 110.42 ENSMMUG00000019636 CSE1L 
ENSMMUP00000002346 38.92 ENSMMUG00000001758 CSNK1A1 
ENSMMUP00000008741 48.51 ENSMMUG00000021124 CSNK1G1 
ENSMMUP00000037657 45.14 ENSMMUG00000031224 CSNK2A1 
ENSMMUP00000020899 37.27 ENSMMUG00000015892 CSNK2A2 
ENSMMUP00000006998 24.94 ENSMMUG00000005294 CSNK2B 
ENSMMUP00000027334 20.58 ENSMMUG00000020772 CSRP1 
ENSMMUP00000029467 16.46 ENSMMUG00000022393 CST11 
ENSMMUP00000012060 15.86 ENSMMUG00000009200 CST3 
ENSMMUP00000016139 11.10 ENSMMUG00000012303 CSTB 
ENSMMUP00000023641 100.12 ENSMMUG00000017985 CTNNA1 
ENSMMUP00000000397 105.31 ENSMMUG00000000293 CTNNA2 
ENSMMUP00000019198 85.50 ENSMMUG00000014627 CTNNB1 
ENSMMUP00000016242 107.32 ENSMMUG00000012366 CTNND1 
ENSMMUP00000038017 55.75 ENSMMUG00000009960 CTSA 
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ENSMMUP00000025247 37.75 ENSMMUG00000019212 CTSB 
ENSMMUP00000005169 44.73 ENSMMUG00000003874 CTSD 
ENSMMUP00000023092 89.37 ENSMMUG00000017541 CUL1 
ENSMMUP00000037501 88.93 ENSMMUG00000022259 CUL3 
ENSMMUP00000011848 71.83 ENSMMUG00000009037 CUL4B 
ENSMMUP00000002393 90.96 ENSMMUG00000001800 CUL5 
ENSMMUP00000031302 29.36 ENSMMUG00000023763 CUTC 
ENSMMUP00000028310 111.05 ENSMMUG00000021491 CXorf22 
ENSMMUP00000027440 12.82 ENSMMUG00000020850 CXorf61 
ENSMMUP00000030675 15.31 ENSMMUG00000013607 CYB5A 
ENSMMUP00000015793 16.76 ENSMMUG00000012039 CYB5B 
ENSMMUP00000010708 26.67 ENSMMUG00000008179 CYB5D1 
ENSMMUP00000009243 34.11 ENSMMUG00000007047 CYB5R1 
ENSMMUP00000025974 31.47 ENSMMUG00000019755 CYB5R2 
ENSMMUP00000013336 34.17 ENSMMUG00000010198 CYB5R3 
ENSMMUP00000009366 35.25 ENSMMUG00000007149 CYC1 
ENSMMUP00000035167 11.74 ENSMMUG00000030295 CYCS 
ENSMMUP00000005187 145.00 ENSMMUG00000003890 CYFIP1 
ENSMMUP00000022355 62.07 ENSMMUG00000016996 CYP4F22 
ENSMMUP00000025077 123.64 ENSMMUG00000019072 DAAM2 
ENSMMUP00000034816 82.41 ENSMMUG00000019879 DAB2 
ENSMMUP00000001123 12.50 ENSMMUG00000000830 DAD1 
ENSMMUP00000003624 42.81 ENSMMUG00000002692 DAK 
ENSMMUP00000023762 45.55 ENSMMUG00000018080 DAP3 
ENSMMUP00000024163 57.30 ENSMMUG00000018377 DARS 
ENSMMUP00000030015 73.30 ENSMMUG00000022798 DARS2 
ENSMMUP00000010123 53.47 ENSMMUG00000007706 DBT 
ENSMMUP00000005435 26.48 ENSMMUG00000004066 DCAKD 
ENSMMUP00000000155 11.27 ENSMMUG00000000116 DCD 
ENSMMUP00000022358 39.86 ENSMMUG00000016997 DCN 
ENSMMUP00000020483 136.89 ENSMMUG00000015610 DCTN1 
ENSMMUP00000027353 17.98 ENSMMUG00000020782 DCTN3 
ENSMMUP00000025991 52.29 ENSMMUG00000019764 DCTN4 
ENSMMUP00000013839 29.99 ENSMMUG00000010552 DCUN1D1 
ENSMMUP00000014296 25.87 ENSMMUG00000010896 DCXR 
ENSMMUP00000019134 31.12 ENSMMUG00000014573 DDAH1 
ENSMMUP00000003622 123.92 ENSMMUG00000002691 DDB1 
ENSMMUP00000007080 44.01 ENSMMUG00000005354 DDI1 
ENSMMUP00000011581 36.18 ENSMMUG00000008836 DDOST 
ENSMMUP00000006051 12.68 ENSMMUG00000004552 DDT 
ENSMMUP00000023133 70.53 ENSMMUG00000017569 DDX3X 
ENSMMUP00000034116 117.58 ENSMMUG00000012463 DDX46 
ENSMMUP00000012376 69.15 ENSMMUG00000009463 DDX5 
ENSMMUP00000017310 68.53 ENSMMUG00000013178 DDX55 
ENSMMUP00000008760 35.99 ENSMMUG00000006663 DECR1 
ENSMMUP00000011176 30.87 ENSMMUG00000008522 DECR2 
ENSMMUP00000023144 7.63 ENSMMUG00000017581 DEFB135 
ENSMMUP00000023442 32.14 ENSMMUG00000017830 DGUOK 
ENSMMUP00000015709 53.72 ENSMMUG00000011976 DHCR7 
ENSMMUP00000030689 43.13 ENSMMUG00000023312 DHODH 
ENSMMUP00000013140 34.05 ENSMMUG00000010051 DHRS1 
ENSMMUP00000000834 28.36 ENSMMUG00000000620 DHRS11 
ENSMMUP00000009809 27.82 ENSMMUG00000007465 DHRS4 
ENSMMUP00000003418 32.19 ENSMMUG00000002540 DHRS7 
ENSMMUP00000017332 29.84 ENSMMUG00000013194 DHRS7B 
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ENSMMUP00000012608 90.91 ENSMMUG00000009637 DHX15 
ENSMMUP00000007450 141.32 ENSMMUG00000005635 DHX9 
ENSMMUP00000028921 131.31 ENSMMUG00000021964 DIAPH1 
ENSMMUP00000001068 105.24 ENSMMUG00000000787 DIS3 
ENSMMUP00000017235 86.99 ENSMMUG00000013119 DISC1 
ENSMMUP00000007617 57.73 ENSMMUG00000005768 DKC1 
ENSMMUP00000036701 68.94 ENSMMUG00000017568 DLAT 
ENSMMUP00000008640 54.21 ENSMMUG00000006564 DLD 
ENSMMUP00000005696 48.92 ENSMMUG00000004260 DLST 
ENSMMUP00000022331 485.81 ENSMMUG00000016974 DNAH1 
ENSMMUP00000012074 94.11 ENSMMUG00000009211 DNAH10 
ENSMMUP00000029903 522.30 ENSMMUG00000022764 DNAH11 
ENSMMUP00000010799 92.99 ENSMMUG00000008239 DNAH17 
ENSMMUP00000010694 510.27 ENSMMUG00000008166 DNAH2 
ENSMMUP00000022026 326.56 ENSMMUG00000016753 DNAH3 
ENSMMUP00000025136 242.47 ENSMMUG00000019116 DNAH6 
ENSMMUP00000007434 461.30 ENSMMUG00000005622 DNAH7 
ENSMMUP00000030786 536.40 ENSMMUG00000023381 DNAH8 
ENSMMUP00000027346 77.76 ENSMMUG00000020777 DNAI1 
ENSMMUP00000027595 68.65 ENSMMUG00000020974 DNAI2 
ENSMMUP00000018664 47.93 ENSMMUG00000014204 DNAJA4 
ENSMMUP00000031119 27.37 ENSMMUG00000023638 DNAJB13 
ENSMMUP00000003886 29.65 ENSMMUG00000002903 DNAJB4 
ENSMMUP00000004244 36.12 ENSMMUG00000003176 DNAJB6 
ENSMMUP00000018907 91.14 ENSMMUG00000014394 DNAJC10 
ENSMMUP00000006228 54.37 ENSMMUG00000004686 DNAJC11 
ENSMMUP00000021055 254.36 ENSMMUG00000016005 DNAJC13 
ENSMMUP00000015872 12.50 ENSMMUG00000012104 DNAJC19 
ENSMMUP00000007698 57.64 ENSMMUG00000005841 DNAJC3 
ENSMMUP00000006520 21.52 ENSMMUG00000004910 DNAL1 
ENSMMUP00000006472 12.01 ENSMMUG00000004868 DNAL4 
ENSMMUP00000011035 31.82 ENSMMUG00000008418 DNALI1 
ENSMMUP00000039999 82.06 ENSMMUG00000013655 DNM1L 
ENSMMUP00000019170 160.61 ENSMMUG00000014604 DNMT1 
ENSMMUP00000023570 53.43 ENSMMUG00000017929 DNPEP 
ENSMMUP00000024404 214.60 ENSMMUG00000018547 DOCK1 
ENSMMUP00000021670 56.72 ENSMMUG00000029101 DPEP3 
ENSMMUP00000003704 29.62 ENSMMUG00000002759 DPM1 
ENSMMUP00000014607 70.80 ENSMMUG00000011158 DPP3 
ENSMMUP00000011001 87.90 ENSMMUG00000008387 DPP4 
ENSMMUP00000015347 99.93 ENSMMUG00000011690 DSC1 
ENSMMUP00000029895 114.16 ENSMMUG00000022703 DSG1 
ENSMMUP00000027766 122.61 ENSMMUG00000021095 DSG2 
ENSMMUP00000019406 331.67 ENSMMUG00000014784 DSP 
ENSMMUP00000001071 857.55 ENSMMUG00000000777 DST 
ENSMMUP00000018130 18.38 ENSMMUG00000013786 DSTN 
ENSMMUP00000010555 23.94 ENSMMUG00000008049 DTYMK 
ENSMMUP00000007635 531.13 ENSMMUG00000005780 DYNC1H1 
ENSMMUP00000001597 10.37 ENSMMUG00000001194 DYNLL1 
ENSMMUP00000002547 10.85 ENSMMUG00000001907 DYNLRB2 
ENSMMUP00000025567 9.85 ENSMMUG00000019454 DYNLT1 
ENSMMUP00000019584 27.11 ENSMMUG00000014927 ECH1 
ENSMMUP00000020128 33.79 ENSMMUG00000015352 ECHDC1 
ENSMMUP00000025280 33.06 ENSMMUG00000019237 ECI1 
ENSMMUP00000034486 40.05 ENSMMUG00000014021 ECI2 
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ENSMMUP00000002222 17.65 ENSMMUG00000001656 EDDM3B 
ENSMMUP00000020976 17.74 ENSMMUG00000001656 EDDM3B 
ENSMMUP00000006451 50.14 ENSMMUG00000004852 EEF1A1 
ENSMMUP00000002195 31.87 ENSMMUG00000001645 EEF1D 
ENSMMUP00000028459 19.83 ENSMMUG00000021606 EEF1E1 
ENSMMUP00000008675 50.09 ENSMMUG00000006598 EEF1G 
ENSMMUP00000029973 95.33 ENSMMUG00000022767 EEF2 
ENSMMUP00000023652 24.46 ENSMMUG00000016822 EFCAB1 
ENSMMUP00000005755 14.84 ENSMMUG00000004301 EFCAB10 
ENSMMUP00000009044 49.94 ENSMMUG00000006884 EFCAB3 
ENSMMUP00000015887 132.66 ENSMMUG00000012118 EFCAB5 
ENSMMUP00000007615 155.63 ENSMMUG00000005769 EFCAB6 
ENSMMUP00000026295 80.60 ENSMMUG00000019998 EFG2 
ENSMMUP00000024787 91.24 ENSMMUG00000018836 EFHB 
ENSMMUP00000018038 73.91 ENSMMUG00000013716 EFHC1 
ENSMMUP00000021523 86.99 ENSMMUG00000016391 EFHC2 
ENSMMUP00000017238 105.40 ENSMMUG00000013118 EFTUD2 
ENSMMUP00000005300 60.63 ENSMMUG00000003972 EHD1 
ENSMMUP00000028218 36.11 ENSMMUG00000021419 EIF2S1 
ENSMMUP00000020371 92.63 ENSMMUG00000015529 EIF3B 
ENSMMUP00000026696 41.59 ENSMMUG00000020283 EIF3H 
ENSMMUP00000031623 25.06 ENSMMUG00000028767 EIF3K 
ENSMMUP00000037067 42.76 ENSMMUG00000009026 EIF3M 
ENSMMUP00000017746 46.16 ENSMMUG00000013499 EIF4A1 
ENSMMUP00000004942 46.40 ENSMMUG00000003702 EIF4A2 
ENSMMUP00000012539 46.87 ENSMMUG00000009590 EIF4A3 
ENSMMUP00000008154 20.03 ENSMMUG00000006206 EIF5A 
ENSMMUP00000008615 36.09 ENSMMUG00000006544 ELAVL1 
ENSMMUP00000019981 34.96 ENSMMUG00000015242 ELMOD2 
ENSMMUP00000009012 25.92 ENSMMUG00000006857 ELSPBP1 
ENSMMUP00000025307 34.82 ENSMMUG00000019260 EMC2 
ENSMMUP00000024046 29.72 ENSMMUG00000018290 EMC3 
ENSMMUP00000025022 91.97 ENSMMUG00000019032 EML2 
ENSMMUP00000021385 108.23 ENSMMUG00000016277 EML4 
ENSMMUP00000010209 34.33 ENSMMUG00000007768 EN2 
ENSMMUP00000030227 47.16 ENSMMUG00000022947 ENO1 
ENSMMUP00000025289 52.76 ENSMMUG00000019244 ENPP5 
ENSMMUP00000023055 92.10 ENSMMUG00000017515 EPB41L4B 
ENSMMUP00000022116 25.53 ENSMMUG00000016820 EPDR1 
ENSMMUP00000027314 110.91 ENSMMUG00000020754 EPHA8 
ENSMMUP00000000852 52.96 ENSMMUG00000005782 EPHX1 
ENSMMUP00000011432 170.47 ENSMMUG00000008722 EPRS 
ENSMMUP00000002759 107.59 ENSMMUG00000002063 ERAP1 
ENSMMUP00000013942 54.92 ENSMMUG00000010640 ERLEC1 
ENSMMUP00000024293 38.94 ENSMMUG00000018470 ERLIN1 
ENSMMUP00000001266 37.81 ENSMMUG00000000943 ERLIN2 
ENSMMUP00000007237 100.28 ENSMMUG00000005469 ERMP1 
ENSMMUP00000032904 54.40 ENSMMUG00000029350 ERO1L 
ENSMMUP00000018289 28.94 ENSMMUG00000013916 ERP29 
ENSMMUP00000014978 46.99 ENSMMUG00000011415 ERP44 
ENSMMUP00000005628 31.55 ENSMMUG00000004209 ESD 
ENSMMUP00000028945 122.66 ENSMMUG00000021979 ESYT1 
ENSMMUP00000029434 98.91 ENSMMUG00000022361 ESYT2 
ENSMMUP00000007727 49.03 ENSMMUG00000005871 ETF1 
ENSMMUP00000014462 35.08 ENSMMUG00000011045 ETFA 
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ENSMMUP00000031487 37.27 ENSMMUG00000023531 ETFB 
ENSMMUP00000006177 68.44 ENSMMUG00000004644 ETFDH 
ENSMMUP00000025310 28.03 ENSMMUG00000019264 ETHE1 
ENSMMUP00000024739 40.44 ENSMMUG00000018792 EXOG 
ENSMMUP00000025573 69.27 ENSMMUG00000019457 EZR 
ENSMMUP00000003650 62.42 ENSMMUG00000002714 FAAH 
ENSMMUP00000014308 14.76 ENSMMUG00000010906 FABP4 
ENSMMUP00000000663 15.12 ENSMMUG00000000486 FABP5 
ENSMMUP00000011887 52.65 ENSMMUG00000009059 FAF2 
ENSMMUP00000000991 24.89 ENSMMUG00000000738 FAHD1 
ENSMMUP00000016892 34.31 ENSMMUG00000012859 FAHD2B 
ENSMMUP00000025638 100.76 ENSMMUG00000019515 FAM129A 
ENSMMUP00000024187 54.60 ENSMMUG00000018394 FAM154A 
ENSMMUP00000015956 36.49 ENSMMUG00000012162 FAM166A 
ENSMMUP00000024693 42.00 ENSMMUG00000018765 FAM170A 
ENSMMUP00000011212 58.29 ENSMMUG00000008547 FAM198B 
ENSMMUP00000003770 179.95 ENSMMUG00000002820 FAM208A 
ENSMMUP00000000089 20.51 ENSMMUG00000000069 FAM210B 
ENSMMUP00000028673 24.97 ENSMMUG00000021773 FAM213A 
ENSMMUP00000003288 24.71 ENSMMUG00000002440 FAM3C 
ENSMMUP00000014405 65.59 ENSMMUG00000010994 FAM71B 
ENSMMUP00000002902 27.40 ENSMMUG00000002178 FAM71C 
ENSMMUP00000032860 47.06 ENSMMUG00000029318 FAM71D 
ENSMMUP00000019910 40.87 ENSMMUG00000015181 FAM75D1 
ENSMMUP00000028016 31.89 ENSMMUG00000021278 FAM78A 
ENSMMUP00000018326 47.50 ENSMMUG00000013944 FAM82A1 
ENSMMUP00000008307 35.97 ENSMMUG00000006307 FAM82B 
ENSMMUP00000016836 272.94 ENSMMUG00000012811 FASN 
ENSMMUP00000023724 506.04 ENSMMUG00000018051 FAT1 
ENSMMUP00000029923 33.56 ENSMMUG00000022725 FBL 
ENSMMUP00000005667 312.36 ENSMMUG00000004239 FBN1 
ENSMMUP00000029668 36.71 ENSMMUG00000022536 FBP1 
ENSMMUP00000020455 57.54 ENSMMUG00000028765 FBXO17 
ENSMMUP00000023005 72.31 ENSMMUG00000017479 FBXO21 
ENSMMUP00000022177 50.69 ENSMMUG00000016870 FBXW9 
ENSMMUP00000005832 42.59 ENSMMUG00000004362 FCGR1 
ENSMMUP00000020532 53.88 ENSMMUG00000015648 FDXR 
ENSMMUP00000029707 48.53 ENSMMUG00000022568 FECH 
ENSMMUP00000007489 54.71 ENSMMUG00000005667 FH 
ENSMMUP00000010397 31.89 ENSMMUG00000007922 FHL1 
ENSMMUP00000009153 22.49 ENSMMUG00000006971 FKBP11 
ENSMMUP00000037652 11.95 ENSMMUG00000015996 FKBP1A 
ENSMMUP00000016995 15.59 ENSMMUG00000012945 FKBP2 
ENSMMUP00000008661 54.25 ENSMMUG00000006584 FLAD1 
ENSMMUP00000000959 279.87 ENSMMUG00000013668 FLNA 
ENSMMUP00000000958 277.97 ENSMMUG00000000706 FLNB 
ENSMMUP00000008290 287.81 ENSMMUG00000006296 FLNC 
ENSMMUP00000031294 131.85 ENSMMUG00000023756 FNDC3A 
ENSMMUP00000001002 35.95 ENSMMUG00000000744 FNDC8 
ENSMMUP00000007762 173.64 ENSMMUG00000005902 FRMPD1 
ENSMMUP00000020234 56.74 ENSMMUG00000015427 FSCN3 
ENSMMUP00000008025 112.52 ENSMMUG00000006108 FSIP2 
ENSMMUP00000023653 27.60 ENSMMUG00000018000 FTMT 
ENSMMUP00000003870 54.28 ENSMMUG00000004216 FUCA1 
ENSMMUP00000013416 18.23 ENSMMUG00000010248 FUNDC2 
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ENSMMUP00000020086 16.56 ENSMMUG00000015318 FUNDC2 
ENSMMUP00000022393 60.73 ENSMMUG00000017017 FYN 
ENSMMUP00000022920 63.93 ENSMMUG00000017409 G6PD 
ENSMMUP00000012538 103.33 ENSMMUG00000009589 GAA 
ENSMMUP00000014431 37.77 ENSMMUG00000008248 GALM 
ENSMMUP00000027023 63.00 ENSMMUG00000020516 GALNTL1 
ENSMMUP00000004065 26.15 ENSMMUG00000003046 GAMT 
ENSMMUP00000037372 106.94 ENSMMUG00000018117 GANAB 
ENSMMUP00000007714 35.98 ENSMMUG00000018679 GAPDH 
ENSMMUP00000001132 44.60 ENSMMUG00000000837 GAPDHS 
ENSMMUP00000006220 33.79 ENSMMUG00000004679 GBAS 
ENSMMUP00000003992 206.41 ENSMMUG00000002985 GBF1 
ENSMMUP00000012007 293.13 ENSMMUG00000009152 GCN1L1 
ENSMMUP00000017526 37.72 ENSMMUG00000013331 GDE1 
ENSMMUP00000017317 50.71 ENSMMUG00000013182 GDI2 
ENSMMUP00000018332 61.71 ENSMMUG00000013943 GDPD2 
ENSMMUP00000022458 35.96 ENSMMUG00000017063 GET4 
ENSMMUP00000038639 83.82 ENSMMUG00000004961 GFM1 
ENSMMUP00000018147 78.62 ENSMMUG00000013797 GFPT1 
ENSMMUP00000016476 21.02 ENSMMUG00000012550 GGCT 
ENSMMUP00000011993 36.13 ENSMMUG00000009146 GGH 
ENSMMUP00000008449 57.39 ENSMMUG00000006407 GHDC 
ENSMMUP00000035885 35.50 ENSMMUG00000018572 GHITM 
ENSMMUP00000022823 57.46 ENSMMUG00000017343 GK 
ENSMMUP00000025719 48.86 ENSMMUG00000019577 GLA 
ENSMMUP00000026471 37.98 ENSMMUG00000020109 GLB1 
ENSMMUP00000025776 74.08 ENSMMUG00000019624 GLB1L 
ENSMMUP00000011282 34.65 ENSMMUG00000008602 GLB1L2 
ENSMMUP00000039220 114.55 ENSMMUG00000031755 GLDC 
ENSMMUP00000000318 138.07 ENSMMUG00000000226 GLG1 
ENSMMUP00000016124 27.12 ENSMMUG00000012289 GLIPR1L1 
ENSMMUP00000016125 36.12 ENSMMUG00000012290 GLIPR1L2 
ENSMMUP00000002187 20.71 ENSMMUG00000001638 GLO1 
ENSMMUP00000014980 33.25 ENSMMUG00000011417 GLOD4 
ENSMMUP00000009852 15.62 ENSMMUG00000007505 GLOD5 
ENSMMUP00000024249 37.48 ENSMMUG00000018429 GLRX3 
ENSMMUP00000022473 16.66 ENSMMUG00000017079 GLRX5 
ENSMMUP00000018235 24.49 ENSMMUG00000013875 GLTPD1 
ENSMMUP00000029068 61.85 ENSMMUG00000022075 GLUD1 
ENSMMUP00000030136 42.06 ENSMMUG00000022884 GLUL 
ENSMMUP00000017915 17.87 ENSMMUG00000013627 GML 
ENSMMUP00000037539 46.29 ENSMMUG00000017938 GMPPA 
ENSMMUP00000019150 42.70 ENSMMUG00000014584 GMPPB 
ENSMMUP00000016358 37.98 ENSMMUG00000012455 GMPR2 
ENSMMUP00000003957 42.12 ENSMMUG00000002961 GNA11 
ENSMMUP00000026481 40.45 ENSMMUG00000020116 GNAI2 
ENSMMUP00000007669 40.53 ENSMMUG00000005818 GNAI3 
ENSMMUP00000013450 78.60 ENSMMUG00000010266 GNAS 
ENSMMUP00000002526 37.38 ENSMMUG00000001896 GNB1 
ENSMMUP00000005451 21.62 ENSMMUG00000004080 GNB2 
ENSMMUP00000004809 33.39 ENSMMUG00000003604 GNB2L1 
ENSMMUP00000007650 77.41 ENSMMUG00000005801 GNPAT 
ENSMMUP00000012781 32.64 ENSMMUG00000009770 GNPDA1 
ENSMMUP00000012150 31.10 ENSMMUG00000009273 GNPDA2 
ENSMMUP00000021201 15.82 ENSMMUG00000016120 GOLGA7 
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ENSMMUP00000018343 32.91 ENSMMUG00000013957 GOLPH3 
ENSMMUP00000014233 15.43 ENSMMUG00000010859 GOLT1B 
ENSMMUP00000038168 47.02 ENSMMUG00000015203 GORASP2 
ENSMMUP00000013572 47.17 ENSMMUG00000010356 GOT1 
ENSMMUP00000007886 47.44 ENSMMUG00000006000 GOT2 
ENSMMUP00000031858 67.68 ENSMMUG00000007161 GPAA1 
ENSMMUP00000009878 94.26 ENSMMUG00000007526 GPAM 
ENSMMUP00000008603 35.79 ENSMMUG00000006532 GPD1 
ENSMMUP00000025883 36.80 ENSMMUG00000019696 GPD1L 
ENSMMUP00000006506 80.83 ENSMMUG00000004897 GPD2 
ENSMMUP00000007737 63.15 ENSMMUG00000005880 GPI 
ENSMMUP00000005621 66.51 ENSMMUG00000004200 GPR107 
ENSMMUP00000041184 111.41 ENSMMUG00000020515 GPR64 
ENSMMUP00000016813 55.43 ENSMMUG00000012800 GPS1 
ENSMMUP00000017012 16.16 ENSMMUG00000012963 GPX1 
ENSMMUP00000032020 8.04 ENSMMUG00000028946 GPX4 
ENSMMUP00000006145 25.21 ENSMMUG00000004618 GPX5 
ENSMMUP00000010373 47.67 ENSMMUG00000007899 GRAMD3 
ENSMMUP00000022370 24.25 ENSMMUG00000017003 GRPEL1 
ENSMMUP00000026817 49.66 ENSMMUG00000020381 GSDMA 
ENSMMUP00000017094 80.57 ENSMMUG00000013020 GSN 
ENSMMUP00000030508 55.35 ENSMMUG00000023178 GSPT1 
ENSMMUP00000016585 30.86 ENSMMUG00000012628 GSTK1 
ENSMMUP00000010527 26.61 ENSMMUG00000008029 GSTM3 
ENSMMUP00000025789 25.76 ENSMMUG00000019630 GSTM4 
ENSMMUP00000025790 25.71 ENSMMUG00000019630 GSTM4 
ENSMMUP00000020110 27.62 ENSMMUG00000015334 GSTO1 
ENSMMUP00000020113 25.29 ENSMMUG00000015337 GSTO2 
ENSMMUP00000024369 21.02 ENSMMUG00000018524 GSTP1 
ENSMMUP00000024380 27.77 ENSMMUG00000018530 GSTT2 
ENSMMUP00000001461 24.06 ENSMMUG00000001097 GSTZ1 
ENSMMUP00000023669 16.49 ENSMMUG00000018013 H2AFJ 
ENSMMUP00000008438 39.62 ENSMMUG00000014465 H2AFY 
ENSMMUP00000030606 42.23 ENSMMUG00000023254 HADH 
ENSMMUP00000005853 83.05 ENSMMUG00000004380 HADHA 
ENSMMUP00000005855 50.16 ENSMMUG00000004381 HADHB 
ENSMMUP00000000990 33.90 ENSMMUG00000000737 HAGH 
ENSMMUP00000000798 15.24 ENSMMUG00000029310 HBA 
ENSMMUP00000041374 15.23 ENSMMUG00000032607 HBA2 
ENSMMUP00000006468 16.11 ENSMMUG00000004867 HBB 
ENSMMUP00000001824 39.05 ENSMMUG00000001369 HDAC11 
ENSMMUP00000014409 28.82 ENSMMUG00000010999 HDHD2 
ENSMMUP00000009420 28.16 ENSMMUG00000007187 HDHD3 
ENSMMUP00000019309 185.34 ENSMMUG00000014716 HEATR7A 
ENSMMUP00000006344 180.65 ENSMMUG00000004774 HEATR7B2 
ENSMMUP00000015885 532.16 ENSMMUG00000012117 HERC1 
ENSMMUP00000026294 62.90 ENSMMUG00000019997 HEXB 
ENSMMUP00000030452 35.37 ENSMMUG00000023134 HIBADH 
ENSMMUP00000009546 43.45 ENSMMUG00000007283 HIBCH 
ENSMMUP00000013065 13.77 ENSMMUG00000009985 HINT1 
ENSMMUP00000021458 17.22 ENSMMUG00000016337 HINT2 
ENSMMUP00000005744 20.39 ENSMMUG00000004291 HINT3 
ENSMMUP00000003468 14.21 ENSMMUG00000031475 HIST1H2BA 
ENSMMUP00000003763 13.94 ENSMMUG00000029911 HIST1H2BO 
ENSMMUP00000040172 11.37 ENSMMUG00000032119 HIST1H4K 
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ENSMMUP00000020072 102.09 ENSMMUG00000015302 HK1 
ENSMMUP00000006782 41.38 ENSMMUG00000005119 HM13 
ENSMMUP00000040437 22.82 ENSMMUG00000006238 HMGB4 
ENSMMUP00000025677 34.03 ENSMMUG00000019548 HMGCL 
ENSMMUP00000017059 29.39 ENSMMUG00000012989 HNRNPA1 
ENSMMUP00000004838 37.30 ENSMMUG00000003619 HNRNPA2B1 
ENSMMUP00000002473 38.06 ENSMMUG00000001858 HNRNPA3 
ENSMMUP00000005328 35.98 ENSMMUG00000003996 HNRNPAB 
ENSMMUP00000024759 33.67 ENSMMUG00000014809 HNRNPC 
ENSMMUP00000018439 38.43 ENSMMUG00000014030 HNRNPD 
ENSMMUP00000025720 49.26 ENSMMUG00000019580 HNRNPH2 
ENSMMUP00000012171 50.98 ENSMMUG00000018871 HNRNPK 
ENSMMUP00000006484 64.29 ENSMMUG00000004877 HNRNPL 
ENSMMUP00000024752 77.62 ENSMMUG00000018806 HNRNPM 
ENSMMUP00000014381 70.90 ENSMMUG00000010970 HNRNPR 
ENSMMUP00000027771 83.96 ENSMMUG00000021098 HNRNPU 
ENSMMUP00000011613 61.42 ENSMMUG00000008852 HP1BP3 
ENSMMUP00000010889 23.77 ENSMMUG00000008303 HPRT1 
ENSMMUP00000028522 21.30 ENSMMUG00000021659 HRAS 
ENSMMUP00000012180 27.10 ENSMMUG00000009296 HSD17B10 
ENSMMUP00000025031 32.97 ENSMMUG00000019041 HSD17B11 
ENSMMUP00000024289 34.63 ENSMMUG00000018465 HSD17B12 
ENSMMUP00000023268 79.27 ENSMMUG00000017685 HSD17B4 
ENSMMUP00000005152 26.97 ENSMMUG00000003861 HSD17B8 
ENSMMUP00000015299 45.38 ENSMMUG00000011654 HSDL2 
ENSMMUP00000029862 84.59 ENSMMUG00000022686 HSP90AB1 
ENSMMUP00000034047 69.58 ENSMMUG00000029821 HSPA1B 
ENSMMUP00000034051 70.37 ENSMMUG00000029822 HSPA1L 
ENSMMUP00000012300 94.38 ENSMMUG00000009396 HSPA4 
ENSMMUP00000019984 94.80 ENSMMUG00000015245 HSPA4L 
ENSMMUP00000006906 72.33 ENSMMUG00000005217 HSPA5 
ENSMMUP00000006240 70.90 ENSMMUG00000004696 HSPA8 
ENSMMUP00000007731 73.65 ENSMMUG00000005875 HSPA9 
ENSMMUP00000005514 22.78 ENSMMUG00000004124 HSPB1 
ENSMMUP00000031429 39.53 ENSMMUG00000002964 HSPBP1 
ENSMMUP00000002782 35.89 ENSMMUG00000011073 HSPCA 
ENSMMUP00000016126 58.35 ENSMMUG00000011073 HSPCA 
ENSMMUP00000013745 61.21 ENSMMUG00000010489 HSPD1 
ENSMMUP00000014044 27.00 ENSMMUG00000010718 HTATIP2 
ENSMMUP00000008501 85.60 ENSMMUG00000006450 HTATSF1 
ENSMMUP00000002848 46.32 ENSMMUG00000002136 HTRA2 
ENSMMUP00000008397 481.77 ENSMMUG00000006362 HUWE1 
ENSMMUP00000007655 87.78 ENSMMUG00000005805 HYDIN 
ENSMMUP00000007657 115.54 ENSMMUG00000005805 HYDIN 
ENSMMUP00000036656 111.20 ENSMMUG00000030891 HYOU1 
ENSMMUP00000023712 25.84 ENSMMUG00000018045 IAH1 
ENSMMUP00000006157 144.36 ENSMMUG00000004628 IARS 
ENSMMUP00000010225 106.53 ENSMMUG00000007783 IARS2 
ENSMMUP00000030629 118.06 ENSMMUG00000023267 IDE 
ENSMMUP00000021152 46.68 ENSMMUG00000016077 IDH1 
ENSMMUP00000019472 50.88 ENSMMUG00000014833 IDH2 
ENSMMUP00000033388 39.62 ENSMMUG00000011838 IDH3A 
ENSMMUP00000028090 42.25 ENSMMUG00000021328 IDH3B 
ENSMMUP00000004496 39.17 ENSMMUG00000003374 IDH3G 
ENSMMUP00000022523 31.92 ENSMMUG00000017115 IDI1 
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ENSMMUP00000017432 13.96 ENSMMUG00000013257 IFITM1 
ENSMMUP00000020544 275.15 ENSMMUG00000015658 IGF2R 
ENSMMUP00000026006 30.70 ENSMMUG00000019777 IL1A 
ENSMMUP00000010668 43.06 ENSMMUG00000008149 ILF2 
ENSMMUP00000019253 94.98 ENSMMUG00000014673 ILF3 
ENSMMUP00000010154 67.92 ENSMMUG00000007729 ILVBL 
ENSMMUP00000037065 18.56 ENSMMUG00000016806 IMMP1L 
ENSMMUP00000020382 19.72 ENSMMUG00000015535 IMMP2L 
ENSMMUP00000020799 61.16 ENSMMUG00000015824 IMMT 
ENSMMUP00000003532 30.27 ENSMMUG00000002628 IMPA1 
ENSMMUP00000009554 43.87 ENSMMUG00000007288 INPP1 
ENSMMUP00000016402 118.41 ENSMMUG00000012481 IPO4 
ENSMMUP00000017795 125.51 ENSMMUG00000013531 IPO5 
ENSMMUP00000029772 107.40 ENSMMUG00000023636 IPO7 
ENSMMUP00000005822 23.89 ENSMMUG00000004352 IQCF1 
ENSMMUP00000015598 189.37 ENSMMUG00000011882 IQGAP1 
ENSMMUP00000030270 178.08 ENSMMUG00000022982 IQGAP2 
ENSMMUP00000015146 92.43 ENSMMUG00000011536 IQUB 
ENSMMUP00000004535 14.18 ENSMMUG00000003399 ISCA1 
ENSMMUP00000008642 17.03 ENSMMUG00000006566 ISCA2 
ENSMMUP00000022531 17.91 ENSMMUG00000017126 ISCU 
ENSMMUP00000016681 24.05 ENSMMUG00000012704 ISOC2 
ENSMMUP00000027895 53.71 ENSMMUG00000021183 ISYNA1 
ENSMMUP00000026922 127.13 ENSMMUG00000020448 ITGA2 
ENSMMUP00000003172 126.64 ENSMMUG00000002370 ITGA6 
ENSMMUP00000023374 74.05 ENSMMUG00000017767 ITGB1 
ENSMMUP00000010359 30.34 ENSMMUG00000007888 ITM2B 
ENSMMUP00000016509 314.30 ENSMMUG00000012574 ITPR1 
ENSMMUP00000040070 308.33 ENSMMUG00000023128 ITPR2 
ENSMMUP00000036312 63.01 ENSMMUG00000023268 ITPRIPL1 
ENSMMUP00000018989 46.17 ENSMMUG00000014462 IVD 
ENSMMUP00000003748 91.84 ENSMMUG00000002799 IWS1 
ENSMMUP00000005363 39.20 ENSMMUG00000004019 IZUMO1 
ENSMMUP00000020543 24.51 ENSMMUG00000015660 IZUMO4 
ENSMMUP00000002654 36.83 ENSMMUG00000001984 JMJD8 
ENSMMUP00000017141 81.78 ENSMMUG00000013048 JUP 
ENSMMUP00000007598 71.35 ENSMMUG00000005754 KARS 
ENSMMUP00000035860 230.75 ENSMMUG00000023488 KAT6B 
ENSMMUP00000000282 121.44 ENSMMUG00000000200 KCNU1 
ENSMMUP00000017170 24.54 ENSMMUG00000013072 KDELR1 
ENSMMUP00000035499 24.42 ENSMMUG00000030415 KDELR2 
ENSMMUP00000017950 195.71 ENSMMUG00000013653 KDM5A 
ENSMMUP00000008807 111.82 ENSMMUG00000006688 KIAA0090 
ENSMMUP00000012447 138.54 ENSMMUG00000009519 KIAA1033 
ENSMMUP00000010987 213.69 ENSMMUG00000008376 KIAA1217 
ENSMMUP00000021476 125.30 ENSMMUG00000016354 KIAA1683 
ENSMMUP00000028959 102.86 ENSMMUG00000021991 KIAA1967 
ENSMMUP00000006672 38.07 ENSMMUG00000005040 KIAA1984 
ENSMMUP00000016372 67.27 ENSMMUG00000012469 KIAA2013 
ENSMMUP00000014813 109.89 ENSMMUG00000015058 KIF5B 
ENSMMUP00000007840 61.61 ENSMMUG00000005961 KLHL10 
ENSMMUP00000023765 57.92 ENSMMUG00000018083 KPNA4 
ENSMMUP00000025988 81.37 ENSMMUG00000019760 KPNB1 
ENSMMUP00000002623 64.27 ENSMMUG00000001965 KPRP 
ENSMMUP00000022305 65.21 ENSMMUG00000016962 KRT1 
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ENSMMUP00000001994 56.49 ENSMMUG00000001500 KRT10 
ENSMMUP00000024530 48.36 ENSMMUG00000018647 KRT15 
ENSMMUP00000012953 51.55 ENSMMUG00000009893 KRT16 
ENSMMUP00000034503 51.88 ENSMMUG00000009893 KRT16 
ENSMMUP00000012954 48.04 ENSMMUG00000009895 KRT17 
ENSMMUP00000023022 48.06 ENSMMUG00000031911 KRT18 
ENSMMUP00000003083 65.50 ENSMMUG00000002305 KRT2 
ENSMMUP00000031061 53.83 ENSMMUG00000023592 KRT24 
ENSMMUP00000001987 49.15 ENSMMUG00000001492 KRT25 
ENSMMUP00000019643 56.09 ENSMMUG00000014984 KRT4 
ENSMMUP00000003320 62.61 ENSMMUG00000002468 KRT5 
ENSMMUP00000018916 57.28 ENSMMUG00000014400 KRT71 
ENSMMUP00000006647 56.12 ENSMMUG00000005021 KRT78 
ENSMMUP00000002883 53.66 ENSMMUG00000002163 KRT8 
ENSMMUP00000039631 50.53 ENSMMUG00000010002 KRT80 
ENSMMUP00000011205 62.34 ENSMMUG00000008543 KRT9 
ENSMMUP00000009796 44.48 ENSMMUG00000007468 L2HGDH 
ENSMMUP00000004719 60.63 ENSMMUG00000003544 LACTB 
ENSMMUP00000029154 340.41 ENSMMUG00000022136 LAMA2 
ENSMMUP00000012814 44.59 ENSMMUG00000009790 LAMP1 
ENSMMUP00000001976 45.05 ENSMMUG00000001484 LAMP2 
ENSMMUP00000038791 13.51 ENSMMUG00000012126 LAMTOR2 
ENSMMUP00000013789 45.27 ENSMMUG00000010520 LANCL1 
ENSMMUP00000007569 56.21 ENSMMUG00000005732 LAP3 
ENSMMUP00000005232 82.59 ENSMMUG00000003922 LAS1L 
ENSMMUP00000004630 70.67 ENSMMUG00000003472 LBR 
ENSMMUP00000007821 38.24 ENSMMUG00000005942 LCMT1 
ENSMMUP00000040231 30.02 ENSMMUG00000021428 LCN12 
ENSMMUP00000031347 22.76 ENSMMUG00000023801 LCN2 
ENSMMUP00000024683 19.95 ENSMMUG00000018754 LCN6 
ENSMMUP00000002436 19.09 ENSMMUG00000001834 LCN8 
ENSMMUP00000028314 20.63 ENSMMUG00000021494 LCN9 
ENSMMUP00000036329 70.31 ENSMMUG00000017033 LCP1 
ENSMMUP00000037015 36.63 ENSMMUG00000031024 LDHA 
ENSMMUP00000019180 36.56 ENSMMUG00000014614 LDHAL6A 
ENSMMUP00000016981 42.00 ENSMMUG00000012934 LDHAL6B 
ENSMMUP00000003608 36.64 ENSMMUG00000002679 LDHB 
ENSMMUP00000037017 36.33 ENSMMUG00000014615 LDHC 
ENSMMUP00000012358 10.12 ENSMMUG00000009451 LELP1 
ENSMMUP00000028626 57.68 ENSMMUG00000021734 LEMD2 
ENSMMUP00000026229 82.72 ENSMMUG00000019948 LETM1 
ENSMMUP00000029570 44.53 ENSMMUG00000022476 LETM2 
ENSMMUP00000016351 43.42 ENSMMUG00000012453 LETMD1 
ENSMMUP00000022609 13.55 ENSMMUG00000017187 LGALS1 
ENSMMUP00000004746 26.09 ENSMMUG00000003565 LGALS3 
ENSMMUP00000025835 65.19 ENSMMUG00000019662 LGALS3BP 
ENSMMUP00000023553 114.98 ENSMMUG00000017916 LIPE 
ENSMMUP00000009951 57.36 ENSMMUG00000007580 LMAN1 
ENSMMUP00000021277 28.68 ENSMMUG00000016192 LMAN2 
ENSMMUP00000036859 77.73 ENSMMUG00000030970 LMF2 
ENSMMUP00000021173 74.07 ENSMMUG00000016096 LMNA 
ENSMMUP00000001116 66.45 ENSMMUG00000000823 LMNB1 
ENSMMUP00000001595 57.65 ENSMMUG00000001192 LMNB2 
ENSMMUP00000023278 7.63 ENSMMUG00000017697 LOC100423381 
ENSMMUP00000014683 15.28 ENSMMUG00000011204 LOC100429989 
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ENSMMUP00000009180 25.34 ENSMMUG00000020092 LOC100430606 
ENSMMUP00000018553 16.00 ENSMMUG00000014120 LOC574167 
ENSMMUP00000026983 21.49 ENSMMUG00000020488 LOC694140 
ENSMMUP00000039561 51.52 ENSMMUG00000003425 LOC695041 
ENSMMUP00000000007 26.44 ENSMMUG00000000010 LOC695440 
ENSMMUP00000032228 8.75 ENSMMUG00000029037 LOC695789 
ENSMMUP00000019696 9.50 ENSMMUG00000015027 LOC696068 
ENSMMUP00000021042 12.04 ENSMMUG00000016000 LOC696956 
ENSMMUP00000033712 21.65 ENSMMUG00000029695 LOC697499 
ENSMMUP00000038157 19.91 ENSMMUG00000000079 LOC697817 
ENSMMUP00000022990 16.84 ENSMMUG00000017466 LOC698552 
ENSMMUP00000026408 12.05 ENSMMUG00000020073 LOC703120 
ENSMMUP00000011552 21.54 ENSMMUG00000008810 LOC703201 
ENSMMUP00000015513 12.31 ENSMMUG00000011825 LOC705533 
ENSMMUP00000017010 16.68 ENSMMUG00000012962 LOC706455 
ENSMMUP00000006722 35.22 ENSMMUG00000005072 LOC706896 
ENSMMUP00000024535 44.05 ENSMMUG00000018653 LOC707129 
ENSMMUP00000006702 26.89 ENSMMUG00000005057 LOC707898 
ENSMMUP00000023949 19.87 ENSMMUG00000018208 LOC709602 
ENSMMUP00000039847 15.53 ENSMMUG00000032008 LOC709603 
ENSMMUP00000003339 51.70 ENSMMUG00000002483 LOC709604 
ENSMMUP00000023737 13.75 ENSMMUG00000018066 LOC710075 
ENSMMUP00000014685 55.51 ENSMMUG00000011206 LOC710949 
ENSMMUP00000030221 10.96 ENSMMUG00000032033 LOC711695 
ENSMMUP00000034206 15.33 ENSMMUG00000029868 LOC711912 
ENSMMUP00000000788 15.88 ENSMMUG00000000585 LOC712034 
ENSMMUP00000012496 7.43 ENSMMUG00000009560 LOC712464 
ENSMMUP00000036597 65.93 ENSMMUG00000030864 LOC713452 
ENSMMUP00000032789 81.94 ENSMMUG00000029297 LOC713573 
ENSMMUP00000038917 16.00 ENSMMUG00000020634 LOC713785 
ENSMMUP00000037157 164.09 ENSMMUG00000031049 LOC713845 
ENSMMUP00000002503 30.91 ENSMMUG00000001881 LOC714503 
ENSMMUP00000037544 50.25 ENSMMUG00000014216 LOC715011 
ENSMMUP00000041081 31.94 ENSMMUG00000032463 LOC715166 
ENSMMUP00000001106 30.22 ENSMMUG00000000813 LOC715292 
ENSMMUP00000032255 13.50 ENSMMUG00000029058 LOC715821 
ENSMMUP00000004724 16.70 ENSMMUG00000003546 LOC716474 
ENSMMUP00000023964 21.17 ENSMMUG00000018224 LOC718882 
ENSMMUP00000033804 14.36 ENSMMUG00000029756 LOC719029 
ENSMMUP00000031752 20.64 ENSMMUG00000028844 LOC719242 
ENSMMUP00000035255 14.81 ENSMMUG00000030331 LOC719914 
ENSMMUP00000015399 84.88 ENSMMUG00000008199 LOC721167 
ENSMMUP00000027255 99.38 ENSMMUG00000020707 LONP1 
ENSMMUP00000022696 176.21 ENSMMUG00000017246 LOXHD1 
ENSMMUP00000013352 55.96 ENSMMUG00000010210 LPCAT3 
ENSMMUP00000002964 318.90 ENSMMUG00000002212 LRBA 
ENSMMUP00000028683 476.36 ENSMMUG00000021782 LRP1 
ENSMMUP00000012945 515.39 ENSMMUG00000009885 LRP1B 
ENSMMUP00000022551 517.07 ENSMMUG00000017143 LRP2 
ENSMMUP00000026087 158.31 ENSMMUG00000019841 LRPPRC 
ENSMMUP00000009308 29.14 ENSMMUG00000007105 LRRC18 
ENSMMUP00000040314 40.05 ENSMMUG00000001781 LRRC23 
ENSMMUP00000020459 32.37 ENSMMUG00000015595 LRRC24 
ENSMMUP00000028813 49.84 ENSMMUG00000021879 LRRC34 
ENSMMUP00000003931 61.21 ENSMMUG00000002942 LRRC48 
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ENSMMUP00000002062 26.75 ENSMMUG00000001544 LRRC57 
ENSMMUP00000016324 61.89 ENSMMUG00000012431 LRRC71 
ENSMMUP00000008406 110.61 ENSMMUG00000006370 LRRCC1 
ENSMMUP00000020845 230.40 ENSMMUG00000015857 LRRK2 
ENSMMUP00000008980 10.70 ENSMMUG00000006832 LSM2 
ENSMMUP00000029398 83.16 ENSMMUG00000022329 LSS 
ENSMMUP00000012199 69.35 ENSMMUG00000009312 LTA4H 
ENSMMUP00000016746 35.76 ENSMMUG00000012749 LTB4DH 
ENSMMUP00000025574 27.97 ENSMMUG00000019458 LY6K 
ENSMMUP00000017635 26.72 ENSMMUG00000013425 LYPD4 
ENSMMUP00000017285 24.72 ENSMMUG00000013157 LYPLA1 
ENSMMUP00000010258 26.63 ENSMMUG00000007806 LYPLAL1 
ENSMMUP00000007230 7.73 ENSMMUG00000005467 LYRM4 
ENSMMUP00000011770 16.41 ENSMMUG00000008987 LYZ 
ENSMMUP00000023139 16.34 ENSMMUG00000017576 LYZL4 
ENSMMUP00000009005 16.82 ENSMMUG00000006850 LYZL6 
ENSMMUP00000012513 338.04 ENSMMUG00000009562 MACF1 
ENSMMUP00000000654 35.52 ENSMMUG00000000479 MACROD1 
ENSMMUP00000015306 79.82 ENSMMUG00000011659 MAD1L1 
ENSMMUP00000006737 17.31 ENSMMUG00000005082 MAGOHB 
ENSMMUP00000018926 38.19 ENSMMUG00000014407 MAGT1 
ENSMMUP00000010539 58.69 ENSMMUG00000008036 MAN1B1 
ENSMMUP00000022170 112.58 ENSMMUG00000016863 MAN2B1 
ENSMMUP00000012157 115.84 ENSMMUG00000009279 MAN2C1 
ENSMMUP00000005726 21.01 ENSMMUG00000004278 MANF 
ENSMMUP00000025612 40.79 ENSMMUG00000019489 MAOA 
ENSMMUP00000025615 57.33 ENSMMUG00000019492 MAOB 
ENSMMUP00000016444 41.39 ENSMMUG00000012524 MAPK1 
ENSMMUP00000008978 13.69 ENSMMUG00000006830 MAPKSP1 
ENSMMUP00000006403 31.23 ENSMMUG00000004816 March5 
ENSMMUP00000014784 101.15 ENSMMUG00000011277 MARS 
ENSMMUP00000024512 43.72 ENSMMUG00000018634 MAT1A 
ENSMMUP00000018373 36.40 ENSMMUG00000013980 MAT2B 
ENSMMUP00000034064 99.98 ENSMMUG00000016741 MATR3 
ENSMMUP00000006301 42.82 ENSMMUG00000004740 MCAT 
ENSMMUP00000013840 80.40 ENSMMUG00000010553 MCCC1 
ENSMMUP00000019905 61.68 ENSMMUG00000015175 MCCC2 
ENSMMUP00000011850 20.52 ENSMMUG00000009043 MCTS1 
ENSMMUP00000008104 31.71 ENSMMUG00000006163 MDH1 
ENSMMUP00000012976 33.23 ENSMMUG00000009917 MDH2 
ENSMMUP00000028977 59.10 ENSMMUG00000022001 ME2 
ENSMMUP00000017153 60.80 ENSMMUG00000013055 ME3 
ENSMMUP00000020542 40.47 ENSMMUG00000015659 MECR 
ENSMMUP00000004415 36.83 ENSMMUG00000003311 MEP50 
ENSMMUP00000012314 16.60 ENSMMUG00000009409 MESDC2 
ENSMMUP00000024321 28.11 ENSMMUG00000018485 METTL7A 
ENSMMUP00000017373 27.74 ENSMMUG00000013225 METTL7B 
ENSMMUP00000003156 17.71 ENSMMUG00000002359 MGST1 
ENSMMUP00000020982 16.49 ENSMMUG00000015948 MGST3 
ENSMMUP00000001368 212.77 ENSMMUG00000001021 MIA3 
ENSMMUP00000007713 8.81 ENSMMUG00000005855 MINOS1 
ENSMMUP00000000258 32.14 ENSMMUG00000000183 MLEC 
ENSMMUP00000006575 33.68 ENSMMUG00000004958 MLF1 
ENSMMUP00000007251 418.83 ENSMMUG00000005482 MLL 
ENSMMUP00000012891 54.91 ENSMMUG00000009849 MLYCD 
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ENSMMUP00000007115 46.87 ENSMMUG00000005382 MMAA 
ENSMMUP00000038677 26.49 ENSMMUG00000011665 MMAB 
ENSMMUP00000008763 85.47 ENSMMUG00000006662 MME 
ENSMMUP00000016261 69.63 ENSMMUG00000012381 MMEL1 
ENSMMUP00000037663 10.26 ENSMMUG00000031226 MMU.1698 
ENSMMUP00000025609 60.70 ENSMMUG00000019485 MNS1 
ENSMMUP00000003668 92.12 ENSMMUG00000002726 MOGS 
ENSMMUP00000020309 37.85 ENSMMUG00000015483 MOSC2 
ENSMMUP00000011965 111.47 ENSMMUG00000009120 MOV10L1 
ENSMMUP00000006918 24.88 ENSMMUG00000005227 MPI 
ENSMMUP00000016216 33.68 ENSMMUG00000012350 MPST 
ENSMMUP00000003494 20.63 ENSMMUG00000002599 MRPL13 
ENSMMUP00000031295 33.48 ENSMMUG00000023758 MRPL19 
ENSMMUP00000000820 30.19 ENSMMUG00000000609 MRPL28 
ENSMMUP00000023169 38.96 ENSMMUG00000017605 MRPL39 
ENSMMUP00000001633 29.14 ENSMMUG00000001219 MRPL4 
ENSMMUP00000013992 28.65 ENSMMUG00000010679 MRPL43 
ENSMMUP00000006825 20.13 ENSMMUG00000005157 MRPS25 
ENSMMUP00000023539 47.96 ENSMMUG00000017905 MRPS27 
ENSMMUP00000028636 36.93 ENSMMUG00000021741 MRPS35 
ENSMMUP00000025861 45.90 ENSMMUG00000019682 MRPS9 
ENSMMUP00000039824 29.15 ENSMMUG00000012882 MRRF 
ENSMMUP00000037288 96.53 ENSMMUG00000004821 MS4A7 
ENSMMUP00000001509 31.24 ENSMMUG00000001137 MTAP 
ENSMMUP00000028940 41.57 ENSMMUG00000021976 MTCH1 
ENSMMUP00000018670 63.86 ENSMMUG00000014210 MTDH 
ENSMMUP00000026002 105.80 ENSMMUG00000019774 MTHFD1L 
ENSMMUP00000025319 72.18 ENSMMUG00000019270 MTO1 
ENSMMUP00000011149 51.32 ENSMMUG00000008506 MTX1 
ENSMMUP00000013319 29.69 ENSMMUG00000010185 MTX2 
ENSMMUP00000003310 83.10 ENSMMUG00000002458 MUT 
ENSMMUP00000018812 43.47 ENSMMUG00000014326 MVD 
ENSMMUP00000031470 30.68 ENSMMUG00000000236 MYADM 
ENSMMUP00000031349 90.31 ENSMMUG00000023803 MYH10 
ENSMMUP00000008019 222.54 ENSMMUG00000010367 MYH11 
ENSMMUP00000001915 203.32 ENSMMUG00000001427 MYH14 
ENSMMUP00000026270 223.27 ENSMMUG00000019977 MYH15 
ENSMMUP00000008018 214.47 ENSMMUG00000006101 MYH9 
ENSMMUP00000039421 16.93 ENSMMUG00000031838 MYL6B 
ENSMMUP00000002359 131.85 ENSMMUG00000001761 MYO1B 
ENSMMUP00000003176 113.31 ENSMMUG00000002371 MYO1C 
ENSMMUP00000019272 115.19 ENSMMUG00000014689 MYO1D 
ENSMMUP00000021362 152.03 ENSMMUG00000016256 MYO3B 
ENSMMUP00000009865 212.01 ENSMMUG00000007509 MYO5A 
ENSMMUP00000004057 212.83 ENSMMUG00000003041 MYO5B 
ENSMMUP00000033398 144.85 ENSMMUG00000005032 MYO6 
ENSMMUP00000026146 187.75 ENSMMUG00000019892 MYOM1 
ENSMMUP00000015710 78.56 ENSMMUG00000011977 NADSYN1 
ENSMMUP00000000004 40.71 ENSMMUG00000000005 NAGA 
ENSMMUP00000002797 37.30 ENSMMUG00000002096 NAGK 
ENSMMUP00000012278 74.52 ENSMMUG00000009376 NAGLU 
ENSMMUP00000031552 33.23 ENSMMUG00000014727 NAPA 
ENSMMUP00000006188 54.11 ENSMMUG00000004649 NARS2 
ENSMMUP00000007787 33.96 ENSMMUG00000005920 NAT1 
ENSMMUP00000022282 268.09 ENSMMUG00000016942 NAV2 
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ENSMMUP00000030850 268.68 ENSMMUG00000023434 NBAS 
ENSMMUP00000022420 62.72 ENSMMUG00000017036 NCLN 
ENSMMUP00000003403 242.73 ENSMMUG00000002523 NCOR1 
ENSMMUP00000038418 274.92 ENSMMUG00000023107 NCOR2 
ENSMMUP00000028781 78.46 ENSMMUG00000021856 NCSTN 
ENSMMUP00000031384 35.56 ENSMMUG00000028699 ND1 
ENSMMUP00000031375 52.01 ENSMMUG00000028677 ND4 
ENSMMUP00000031374 67.72 ENSMMUG00000028673 ND5 
ENSMMUP00000027300 40.14 ENSMMUG00000020747 NDRG2 
ENSMMUP00000010745 40.78 ENSMMUG00000008201 NDRG3 
ENSMMUP00000013608 48.83 ENSMMUG00000010382 NDUFA10 
ENSMMUP00000021914 14.63 ENSMMUG00000016665 NDUFA11 
ENSMMUP00000024862 17.10 ENSMMUG00000018897 NDUFA12 
ENSMMUP00000014898 26.05 ENSMMUG00000011350 NDUFA13 
ENSMMUP00000013089 10.96 ENSMMUG00000010011 NDUFA2 
ENSMMUP00000027490 9.37 ENSMMUG00000020894 NDUFA4 
ENSMMUP00000017157 15.11 ENSMMUG00000013060 NDUFA6 
ENSMMUP00000015020 20.11 ENSMMUG00000011450 NDUFA8 
ENSMMUP00000007475 20.39 ENSMMUG00000005654 NDUFAF3 
ENSMMUP00000024792 20.08 ENSMMUG00000018843 NDUFAF4 
ENSMMUP00000032046 28.60 ENSMMUG00000014802 NDUFAF6 
ENSMMUP00000032727 15.66 ENSMMUG00000029268 NDUFB10 
ENSMMUP00000022935 24.85 ENSMMUG00000017422 NDUFB11 
ENSMMUP00000016033 11.39 ENSMMUG00000012225 NDUFB3 
ENSMMUP00000002127 14.91 ENSMMUG00000001592 NDUFB4 
ENSMMUP00000012756 21.69 ENSMMUG00000009746 NDUFB5 
ENSMMUP00000028467 16.48 ENSMMUG00000021612 NDUFB7 
ENSMMUP00000008725 21.74 ENSMMUG00000006636 NDUFB8 
ENSMMUP00000020318 21.77 ENSMMUG00000015493 NDUFB9 
ENSMMUP00000022995 14.33 ENSMMUG00000017471 NDUFC2 
ENSMMUP00000022071 80.37 ENSMMUG00000016788 NDUFS1 
ENSMMUP00000023834 52.57 ENSMMUG00000004520 NDUFS2 
ENSMMUP00000006462 19.91 ENSMMUG00000004861 NDUFS4 
ENSMMUP00000035737 12.65 ENSMMUG00000030508 NDUFS5 
ENSMMUP00000005926 13.76 ENSMMUG00000004447 NDUFS6 
ENSMMUP00000004063 23.40 ENSMMUG00000003045 NDUFS7 
ENSMMUP00000030525 23.69 ENSMMUG00000023189 NDUFS8 
ENSMMUP00000024372 50.67 ENSMMUG00000018526 NDUFV1 
ENSMMUP00000029092 27.39 ENSMMUG00000022095 NDUFV2 
ENSMMUP00000011307 704.03 ENSMMUG00000008615 NEB 
ENSMMUP00000014363 51.12 ENSMMUG00000010951 NFS1 
ENSMMUP00000019418 72.76 ENSMMUG00000014790 NGLY1 
ENSMMUP00000018983 41.75 ENSMMUG00000006639 NIF3L1 
ENSMMUP00000004269 28.31 ENSMMUG00000003197 NIPSNAP3A 
ENSMMUP00000002688 35.84 ENSMMUG00000002009 NIT1 
ENSMMUP00000026329 30.64 ENSMMUG00000020024 NIT2 
ENSMMUP00000015982 107.21 ENSMMUG00000012189 NLRX1 
ENSMMUP00000002591 30.14 ENSMMUG00000001940 NME1 
ENSMMUP00000005145 17.57 ENSMMUG00000003857 NME3 
ENSMMUP00000027750 38.09 ENSMMUG00000021079 NME7 
ENSMMUP00000013295 67.11 ENSMMUG00000010167 NME8 
ENSMMUP00000007721 31.92 ENSMMUG00000005863 NMNAT1 
ENSMMUP00000000389 28.24 ENSMMUG00000000287 NMNAT3 
ENSMMUP00000032684 33.14 ENSMMUG00000020540 NMRAL1 
ENSMMUP00000015392 116.56 ENSMMUG00000011734 NNT 
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ENSMMUP00000031197 79.32 ENSMMUG00000023681 NOL9 
ENSMMUP00000026021 134.11 ENSMMUG00000005919 NOMO1 
ENSMMUP00000026973 54.23 ENSMMUG00000020481 NONO 
ENSMMUP00000028303 142.02 ENSMMUG00000021484 NPC1 
ENSMMUP00000008638 16.57 ENSMMUG00000006563 NPC2 
ENSMMUP00000013084 50.11 ENSMMUG00000010006 NPEPL1 
ENSMMUP00000007725 93.89 ENSMMUG00000005869 NPEPPS 
ENSMMUP00000028667 87.30 ENSMMUG00000021772 NPHP3 
ENSMMUP00000011776 35.18 ENSMMUG00000008992 NPL 
ENSMMUP00000001617 197.26 ENSMMUG00000001208 NRAP 
ENSMMUP00000006307 125.06 ENSMMUG00000004738 NRD1 
ENSMMUP00000011851 296.84 ENSMMUG00000009041 NSD1 
ENSMMUP00000017308 41.77 ENSMMUG00000013176 NSDHL 
ENSMMUP00000007332 81.90 ENSMMUG00000005548 NSF 
ENSMMUP00000016488 53.86 ENSMMUG00000012561 NSUN7 
ENSMMUP00000037385 24.97 ENSMMUG00000012614 NTPCR 
ENSMMUP00000024466 29.03 ENSMMUG00000018597 NUBP2 
ENSMMUP00000007756 50.17 ENSMMUG00000005895 NUCB2 
ENSMMUP00000001529 21.16 ENSMMUG00000001154 NUDT16 
ENSMMUP00000032677 23.31 ENSMMUG00000001890 NUDT16L1 
ENSMMUP00000021992 35.19 ENSMMUG00000016734 NUDT17 
ENSMMUP00000027332 16.82 ENSMMUG00000020769 NUDT2 
ENSMMUP00000032420 21.79 ENSMMUG00000019906 NUDT21 
ENSMMUP00000022548 24.32 ENSMMUG00000017141 NUDT5 
ENSMMUP00000015482 26.86 ENSMMUG00000011795 NUDT7 
ENSMMUP00000025035 39.04 ENSMMUG00000019043 NUDT9 
ENSMMUP00000000943 83.49 ENSMMUG00000000704 NUP155 
ENSMMUP00000015434 144.69 ENSMMUG00000011757 NUP188 
ENSMMUP00000021515 228.04 ENSMMUG00000016384 NUP205 
ENSMMUP00000021017 205.24 ENSMMUG00000015979 NUP210 
ENSMMUP00000019615 176.03 ENSMMUG00000014952 NUP210L 
ENSMMUP00000028616 216.23 ENSMMUG00000021724 NUP214 
ENSMMUP00000007276 36.71 ENSMMUG00000005504 NUP37 
ENSMMUP00000031516 65.28 ENSMMUG00000011627 NUP62 
ENSMMUP00000018117 93.20 ENSMMUG00000013778 NUP93 
ENSMMUP00000005278 144.05 ENSMMUG00000003950 NUP98 
ENSMMUP00000015792 14.49 ENSMMUG00000012038 NUTF2 
ENSMMUP00000013742 48.46 ENSMMUG00000010485 OAT 
ENSMMUP00000011933 21.31 ENSMMUG00000009095 OAZ3 
ENSMMUP00000022201 723.31 ENSMMUG00000023096 OBSCN 
ENSMMUP00000019512 27.56 ENSMMUG00000014868 OCIAD1 
ENSMMUP00000002808 28.67 ENSMMUG00000002108 ODF1 
ENSMMUP00000019534 95.42 ENSMMUG00000005987 ODF2 
ENSMMUP00000015094 27.92 ENSMMUG00000011502 ODF3 
ENSMMUP00000003569 115.89 ENSMMUG00000002651 OGDH 
ENSMMUP00000012799 111.76 ENSMMUG00000009765 OPA1 
ENSMMUP00000031566 20.37 ENSMMUG00000022940 OPA3 
ENSMMUP00000027259 76.39 ENSMMUG00000020710 OS9 
ENSMMUP00000037271 47.24 ENSMMUG00000001745 OSBP 
ENSMMUP00000010197 27.08 ENSMMUG00000007762 OTUB2 
ENSMMUP00000014436 56.24 ENSMMUG00000011027 OXCT1 
ENSMMUP00000023468 93.93 ENSMMUG00000017845 OXR1 
ENSMMUP00000019422 49.07 ENSMMUG00000014798 OXSM 
ENSMMUP00000012107 58.46 ENSMMUG00000009242 P4HB 
ENSMMUP00000026864 29.34 ENSMMUG00000020412 PACRG 
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ENSMMUP00000002745 25.57 ENSMMUG00000002050 PAFAH1B2 
ENSMMUP00000028827 25.76 ENSMMUG00000021893 PAFAH1B3 
ENSMMUP00000021489 46.71 ENSMMUG00000016366 PAICS 
ENSMMUP00000008331 55.49 ENSMMUG00000006326 PAOX 
ENSMMUP00000025846 20.18 ENSMMUG00000019671 PARK7 
ENSMMUP00000028737 112.91 ENSMMUG00000021820 PARP1 
ENSMMUP00000040110 53.39 ENSMMUG00000032084 PARS2 
ENSMMUP00000021296 142.49 ENSMMUG00000016207 PASK 
ENSMMUP00000026605 14.51 ENSMMUG00000020210 PATE1 
ENSMMUP00000022861 192.82 ENSMMUG00000017361 PBRM1 
ENSMMUP00000006032 129.80 ENSMMUG00000004533 PC 
ENSMMUP00000011517 11.87 ENSMMUG00000008789 PCBD1 
ENSMMUP00000008685 38.78 ENSMMUG00000006608 PCBP2 
ENSMMUP00000005991 76.46 ENSMMUG00000004493 PCCA 
ENSMMUP00000004348 58.19 ENSMMUG00000003262 PCCB 
ENSMMUP00000028436 70.51 ENSMMUG00000021590 PCK2 
ENSMMUP00000028544 525.29 ENSMMUG00000021678 PCLO 
ENSMMUP00000033197 30.45 ENSMMUG00000029462 PCMT1 
ENSMMUP00000010442 52.78 ENSMMUG00000007959 PCYOX1 
ENSMMUP00000016929 43.26 ENSMMUG00000012889 PCYT2 
ENSMMUP00000018492 95.90 ENSMMUG00000014069 PDCD6IP 
ENSMMUP00000009858 23.11 ENSMMUG00000007511 PDDC1 
ENSMMUP00000031087 90.45 ENSMMUG00000023614 PDE10A 
ENSMMUP00000005410 67.27 ENSMMUG00000004052 PDE12 
ENSMMUP00000001552 59.66 ENSMMUG00000001163 PDE1A 
ENSMMUP00000025707 17.43 ENSMMUG00000019565 PDE6D 
ENSMMUP00000022813 47.58 ENSMMUG00000017336 PDHA1 
ENSMMUP00000028136 43.02 ENSMMUG00000021359 PDHA2 
ENSMMUP00000020570 39.26 ENSMMUG00000015672 PDHB 
ENSMMUP00000008498 54.96 ENSMMUG00000006448 PDHX 
ENSMMUP00000002254 56.78 ENSMMUG00000001682 PDIA3 
ENSMMUP00000010118 59.62 ENSMMUG00000007696 PDIA5 
ENSMMUP00000016897 53.40 ENSMMUG00000012864 PDIA6 
ENSMMUP00000016843 46.18 ENSMMUG00000012819 PDK3 
ENSMMUP00000006073 64.94 ENSMMUG00000004568 PDP1 
ENSMMUP00000032321 99.42 ENSMMUG00000023147 PDPR 
ENSMMUP00000003989 86.71 ENSMMUG00000002984 PDXDC1 
ENSMMUP00000016135 35.05 ENSMMUG00000012300 PDXK 
ENSMMUP00000025806 56.99 ENSMMUG00000019642 PDZK1 
ENSMMUP00000039948 117.00 ENSMMUG00000002641 PDZRN4 
ENSMMUP00000006757 20.90 ENSMMUG00000005098 PEBP1 
ENSMMUP00000024119 25.06 ENSMMUG00000018345 PEBP4 
ENSMMUP00000021108 28.42 ENSMMUG00000016048 PEX11B 
ENSMMUP00000011027 26.66 ENSMMUG00000008409 PEX11G 
ENSMMUP00000029185 54.36 ENSMMUG00000022170 PFKFB2 
ENSMMUP00000005582 51.40 ENSMMUG00000004173 PFKL 
ENSMMUP00000039868 93.27 ENSMMUG00000002045 PFKM 
ENSMMUP00000006549 85.25 ENSMMUG00000004935 PFKP 
ENSMMUP00000003717 15.05 ENSMMUG00000002772 PFN1 
ENSMMUP00000030714 15.05 ENSMMUG00000023337 PFN2 
ENSMMUP00000041024 14.97 ENSMMUG00000032440 PFN3 
ENSMMUP00000003245 22.81 ENSMMUG00000002417 PGAM2 
ENSMMUP00000013841 28.80 ENSMMUG00000010554 PGAM4 
ENSMMUP00000020288 20.22 ENSMMUG00000015466 PGAM5 
ENSMMUP00000005280 32.04 ENSMMUG00000003955 PGAP2 
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ENSMMUP00000030320 53.38 ENSMMUG00000023029 PGD 
ENSMMUP00000040963 44.59 ENSMMUG00000012874 PGK1 
ENSMMUP00000015734 44.88 ENSMMUG00000011998 PGK2 
ENSMMUP00000000273 27.39 ENSMMUG00000000195 PGLS 
ENSMMUP00000000326 59.74 ENSMMUG00000000232 PGM2 
ENSMMUP00000032717 34.09 ENSMMUG00000019234 PGP 
ENSMMUP00000018994 21.66 ENSMMUG00000014466 PGRMC1 
ENSMMUP00000019147 23.73 ENSMMUG00000014585 PGRMC2 
ENSMMUP00000000214 29.80 ENSMMUG00000000156 PHB 
ENSMMUP00000013345 33.70 ENSMMUG00000010205 PHB2 
ENSMMUP00000036972 11.21 ENSMMUG00000011354 PHF5A 
ENSMMUP00000003271 29.67 ENSMMUG00000002436 PHOSPHO1 
ENSMMUP00000023426 87.27 ENSMMUG00000017819 PHTF1 
ENSMMUP00000029182 229.04 ENSMMUG00000022167 PI4KA 
ENSMMUP00000025765 70.04 ENSMMUG00000019618 PICALM 
ENSMMUP00000002947 106.38 ENSMMUG00000002204 PIGN 
ENSMMUP00000015575 118.67 ENSMMUG00000011866 PIGO 
ENSMMUP00000016056 61.75 ENSMMUG00000012240 PIGS 
ENSMMUP00000004553 65.87 ENSMMUG00000003410 PIGT 
ENSMMUP00000001570 47.36 ENSMMUG00000001179 PIP4K2C 
ENSMMUP00000039086 95.46 ENSMMUG00000005228 PIP5K1A 
ENSMMUP00000037071 43.08 ENSMMUG00000002182 PISD 
ENSMMUP00000003180 31.80 ENSMMUG00000002374 PITPNA 
ENSMMUP00000019084 31.54 ENSMMUG00000014534 PITPNB 
ENSMMUP00000006552 117.23 ENSMMUG00000004938 PITRM1 
ENSMMUP00000005543 58.46 ENSMMUG00000004145 PKM 
ENSMMUP00000030876 58.08 ENSMMUG00000023454 PKM 
ENSMMUP00000033454 58.21 ENSMMUG00000023454 PKM 
ENSMMUP00000004694 86.89 ENSMMUG00000003525 PKP3 
ENSMMUP00000003633 88.42 ENSMMUG00000002701 PLA2G6 
ENSMMUP00000004886 63.32 ENSMMUG00000003665 PLBD1 
ENSMMUP00000005625 59.78 ENSMMUG00000004205 PLBD2 
ENSMMUP00000012592 88.32 ENSMMUG00000009626 PLCD4 
ENSMMUP00000007769 148.59 ENSMMUG00000005905 PLCG1 
ENSMMUP00000029191 70.57 ENSMMUG00000022175 PLCZ1 
ENSMMUP00000031602 54.75 ENSMMUG00000006071 PLD3 
ENSMMUP00000031861 532.23 ENSMMUG00000000388 PLEC 
ENSMMUP00000022281 90.40 ENSMMUG00000016945 PLG 
ENSMMUP00000031951 47.21 ENSMMUG00000014816 PLIN3 
ENSMMUP00000040861 70.81 ENSMMUG00000006377 PLS3 
ENSMMUP00000038567 35.48 ENSMMUG00000021755 PLSCR2 
ENSMMUP00000004489 205.53 ENSMMUG00000008331 PLXNB2 
ENSMMUP00000004897 43.49 ENSMMUG00000003673 PM20D1 
ENSMMUP00000003453 97.76 ENSMMUG00000002569 PML 
ENSMMUP00000029909 28.03 ENSMMUG00000022714 PMM2 
ENSMMUP00000004138 58.20 ENSMMUG00000003098 PMPCA 
ENSMMUP00000004571 37.40 ENSMMUG00000003429 PMPCB 
ENSMMUP00000025146 32.11 ENSMMUG00000019126 PNP 
ENSMMUP00000015525 88.58 ENSMMUG00000011831 PNPLA8 
ENSMMUP00000009189 80.78 ENSMMUG00000007003 PNPT1 
ENSMMUP00000004763 53.60 ENSMMUG00000003574 POC1B 
ENSMMUP00000025165 42.05 ENSMMUG00000019146 POLDIP2 
ENSMMUP00000018873 19.29 ENSMMUG00000014368 POLR2G 
ENSMMUP00000010508 41.48 ENSMMUG00000008014 PON2 
ENSMMUP00000016983 109.87 ENSMMUG00000012935 POP1 
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ENSMMUP00000026433 76.99 ENSMMUG00000020086 POR 
ENSMMUP00000008439 32.65 ENSMMUG00000006397 PPA1 
ENSMMUP00000022376 37.16 ENSMMUG00000017004 PPA2 
ENSMMUP00000017242 33.96 ENSMMUG00000013126 PPCS 
ENSMMUP00000006713 75.45 ENSMMUG00000005066 PPEF1 
ENSMMUP00000021879 18.01 ENSMMUG00000016638 PPIA 
ENSMMUP00000027805 23.74 ENSMMUG00000021123 PPIB 
ENSMMUP00000013955 22.62 ENSMMUG00000010651 PPIC 
ENSMMUP00000004252 21.95 ENSMMUG00000003189 PPIF 
ENSMMUP00000009213 35.26 ENSMMUG00000007020 PPIL6 
ENSMMUP00000010334 159.46 ENSMMUG00000007860 PPIP5K1 
ENSMMUP00000022904 42.67 ENSMMUG00000017398 PPME1 
ENSMMUP00000029796 50.66 ENSMMUG00000022630 PPOX 
ENSMMUP00000027076 35.52 ENSMMUG00000020562 PPP1CB 
ENSMMUP00000017967 38.52 ENSMMUG00000013664 PPP1CC 
ENSMMUP00000021300 41.62 ENSMMUG00000016209 PPP1R7 
ENSMMUP00000017139 35.59 ENSMMUG00000013047 PPP2CA 
ENSMMUP00000028954 65.31 ENSMMUG00000021986 PPP2R1A 
ENSMMUP00000018398 73.58 ENSMMUG00000014001 PPP2R1B 
ENSMMUP00000017621 51.35 ENSMMUG00000013416 PPP2R2C 
ENSMMUP00000003379 40.25 ENSMMUG00000002515 PPP2R4 
ENSMMUP00000025998 56.18 ENSMMUG00000019771 PPP2R5A 
ENSMMUP00000010756 54.70 ENSMMUG00000008205 PPP2R5E 
ENSMMUP00000018970 56.97 ENSMMUG00000014442 PPP3CC 
ENSMMUP00000001318 35.08 ENSMMUG00000000982 PPP4C 
ENSMMUP00000025650 106.90 ENSMMUG00000019525 PPP4R1 
ENSMMUP00000000309 56.92 ENSMMUG00000000217 PPP5C 
ENSMMUP00000027059 35.14 ENSMMUG00000020549 PPP6C 
ENSMMUP00000021308 97.96 ENSMMUG00000016213 PPP6R3 
ENSMMUP00000012042 34.25 ENSMMUG00000009189 PPT1 
ENSMMUP00000010295 55.75 ENSMMUG00000007838 PRCP 
ENSMMUP00000008176 22.13 ENSMMUG00000006221 PRDX1 
ENSMMUP00000007512 21.89 ENSMMUG00000005689 PRDX2 
ENSMMUP00000010873 27.92 ENSMMUG00000008294 PRDX3 
ENSMMUP00000028144 30.50 ENSMMUG00000021366 PRDX4 
ENSMMUP00000017596 12.99 ENSMMUG00000013397 PRDX5 
ENSMMUP00000011500 25.02 ENSMMUG00000008776 PRDX6 
ENSMMUP00000003209 45.62 ENSMMUG00000002390 PREB 
ENSMMUP00000007974 228.09 ENSMMUG00000006070 PRIC285 
ENSMMUP00000018568 36.45 ENSMMUG00000014132 PRKACA 
ENSMMUP00000004604 39.27 ENSMMUG00000003457 PRKACB 
ENSMMUP00000026815 40.18 ENSMMUG00000020379 PRKACG 
ENSMMUP00000020637 38.55 ENSMMUG00000015713 PRKAG1 
ENSMMUP00000002929 43.01 ENSMMUG00000002194 PRKAR1A 
ENSMMUP00000000106 42.87 ENSMMUG00000000081 PRKAR2A 
ENSMMUP00000003116 57.12 ENSMMUG00000002328 PRKCSH 
ENSMMUP00000020132 469.49 ENSMMUG00000015347 PRKDC 
ENSMMUP00000004045 36.74 ENSMMUG00000003029 PRMT1 
ENSMMUP00000033103 71.32 ENSMMUG00000001035 PRMT5 
ENSMMUP00000006262 37.86 ENSMMUG00000004710 PROCA1 
ENSMMUP00000010689 97.42 ENSMMUG00000008164 PROM1 
ENSMMUP00000019079 55.04 ENSMMUG00000014530 PRPF19 
ENSMMUP00000020409 106.48 ENSMMUG00000015558 PRPF6 
ENSMMUP00000035441 268.18 ENSMMUG00000004820 PRPF8 
ENSMMUP00000012758 34.76 ENSMMUG00000009748 PRPS1L1 
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ENSMMUP00000014891 34.75 ENSMMUG00000011345 PRPS2 
ENSMMUP00000004718 39.45 ENSMMUG00000003543 PRPSAP1 
ENSMMUP00000007037 41.69 ENSMMUG00000005323 PRPSAP2 
ENSMMUP00000000372 28.33 ENSMMUG00000000272 PRSS2 
ENSMMUP00000021268 34.69 ENSMMUG00000016183 PRSS21 
ENSMMUP00000015542 26.43 ENSMMUG00000011844 PRSS37 
ENSMMUP00000027985 32.28 ENSMMUG00000021251 PRSS46 
ENSMMUP00000025563 42.51 ENSMMUG00000019451 PRSS54 
ENSMMUP00000015796 38.91 ENSMMUG00000012043 PRSS55 
ENSMMUP00000013165 50.19 ENSMMUG00000010068 PRUNE 
ENSMMUP00000017025 58.24 ENSMMUG00000012969 PSAP 
ENSMMUP00000021601 30.24 ENSMMUG00000016446 PSMA1 
ENSMMUP00000029542 25.90 ENSMMUG00000022451 PSMA2 
ENSMMUP00000004676 28.43 ENSMMUG00000003509 PSMA3 
ENSMMUP00000014072 29.48 ENSMMUG00000010740 PSMA4 
ENSMMUP00000007662 26.41 ENSMMUG00000005813 PSMA5 
ENSMMUP00000021739 27.40 ENSMMUG00000016544 PSMA6 
ENSMMUP00000024133 24.21 ENSMMUG00000018354 PSMA7 
ENSMMUP00000026177 26.36 ENSMMUG00000019919 PSMB1 
ENSMMUP00000017191 22.84 ENSMMUG00000013090 PSMB2 
ENSMMUP00000016237 22.96 ENSMMUG00000012363 PSMB3 
ENSMMUP00000027532 29.17 ENSMMUG00000020924 PSMB4 
ENSMMUP00000007892 28.79 ENSMMUG00000006007 PSMB5 
ENSMMUP00000017070 25.41 ENSMMUG00000012999 PSMB6 
ENSMMUP00000009648 29.93 ENSMMUG00000007358 PSMB7 
ENSMMUP00000014821 30.42 ENSMMUG00000011301 PSMB8 
ENSMMUP00000030273 49.19 ENSMMUG00000022990 PSMC1 
ENSMMUP00000020482 49.21 ENSMMUG00000015611 PSMC3 
ENSMMUP00000022613 47.37 ENSMMUG00000017188 PSMC4 
ENSMMUP00000034223 43.07 ENSMMUG00000016769 PSMC5 
ENSMMUP00000032903 44.06 ENSMMUG00000029348 PSMC6 
ENSMMUP00000037432 102.33 ENSMMUG00000011769 PSMD1 
ENSMMUP00000022337 20.81 ENSMMUG00000016981 PSMD10 
ENSMMUP00000024950 36.75 ENSMMUG00000018962 PSMD11 
ENSMMUP00000002837 52.91 ENSMMUG00000002132 PSMD12 
ENSMMUP00000015626 34.58 ENSMMUG00000011906 PSMD14 
ENSMMUP00000001091 100.01 ENSMMUG00000000800 PSMD2 
ENSMMUP00000026821 61.00 ENSMMUG00000020382 PSMD3 
ENSMMUP00000002957 37.08 ENSMMUG00000002213 PSMD5 
ENSMMUP00000002009 45.56 ENSMMUG00000001509 PSMD6 
ENSMMUP00000014563 36.77 ENSMMUG00000011125 PSMD7 
ENSMMUP00000037639 13.54 ENSMMUG00000031219 PSMD8 
ENSMMUP00000016377 27.36 ENSMMUG00000012473 PSME2 
ENSMMUP00000010615 197.72 ENSMMUG00000008104 PSME4 
ENSMMUP00000021615 58.77 ENSMMUG00000016450 PTBP1 
ENSMMUP00000020795 78.73 ENSMMUG00000015820 PTCD3 
ENSMMUP00000027185 91.38 ENSMMUG00000020657 PTCHD3 
ENSMMUP00000011551 55.56 ENSMMUG00000000573 PTDSS1 
ENSMMUP00000028227 24.57 ENSMMUG00000021429 PTGDS 
ENSMMUP00000024001 42.03 ENSMMUG00000018258 PTGES2 
ENSMMUP00000018100 18.70 ENSMMUG00000013766 PTGES3 
ENSMMUP00000023861 38.43 ENSMMUG00000018146 PTGR2 
ENSMMUP00000033655 118.47 ENSMMUG00000011670 PTK7 
ENSMMUP00000020266 43.18 ENSMMUG00000015450 PTPLAD1 
ENSMMUP00000002982 28.32 ENSMMUG00000002232 PTPLB 
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ENSMMUP00000005737 22.76 ENSMMUG00000004286 PTPMT1 
ENSMMUP00000005738 30.23 ENSMMUG00000004286 PTPMT1 
ENSMMUP00000018455 178.65 ENSMMUG00000014045 PTPN23 
ENSMMUP00000002102 19.21 ENSMMUG00000001572 PTRH2 
ENSMMUP00000012548 15.83 ENSMMUG00000009598 PTRHD1 
ENSMMUP00000023138 80.54 ENSMMUG00000017575 PUS7 
ENSMMUP00000000285 80.90 ENSMMUG00000000203 PUS7L 
ENSMMUP00000006970 102.41 ENSMMUG00000005271 PWP2 
ENSMMUP00000038409 33.66 ENSMMUG00000011434 PYCR2 
ENSMMUP00000012061 96.61 ENSMMUG00000009199 PYGB 
ENSMMUP00000003936 87.74 ENSMMUG00000002943 QARS 
ENSMMUP00000007565 25.82 ENSMMUG00000005730 QDPR 
ENSMMUP00000004715 181.95 ENSMMUG00000003539 QRICH2 
ENSMMUP00000013389 24.49 ENSMMUG00000010225 RAB11B 
ENSMMUP00000007398 23.90 ENSMMUG00000005595 RAB14 
ENSMMUP00000009092 22.98 ENSMMUG00000006928 RAB18 
ENSMMUP00000028603 22.67 ENSMMUG00000021721 RAB1A 
ENSMMUP00000037583 22.17 ENSMMUG00000031202 RAB1B 
ENSMMUP00000025542 24.26 ENSMMUG00000019434 RAB21 
ENSMMUP00000000168 21.84 ENSMMUG00000000125 RAB22A 
ENSMMUP00000029361 23.50 ENSMMUG00000022306 RAB25 
ENSMMUP00000029004 24.77 ENSMMUG00000022025 RAB28 
ENSMMUP00000022423 21.87 ENSMMUG00000017038 RAB2A 
ENSMMUP00000019654 20.76 ENSMMUG00000014992 RAB2B 
ENSMMUP00000014842 24.22 ENSMMUG00000011317 RAB3D 
ENSMMUP00000023303 24.39 ENSMMUG00000017720 RAB4A 
ENSMMUP00000006401 19.85 ENSMMUG00000004813 RAB4B 
ENSMMUP00000009173 23.66 ENSMMUG00000006992 RAB5A 
ENSMMUP00000039450 23.74 ENSMMUG00000031853 RAB5B 
ENSMMUP00000019379 23.48 ENSMMUG00000014761 RAB5C 
ENSMMUP00000036842 21.13 ENSMMUG00000030964 RAB6C 
ENSMMUP00000002391 23.52 ENSMMUG00000001798 RAB7A 
ENSMMUP00000020740 23.67 ENSMMUG00000015784 RAB8A 
ENSMMUP00000027741 22.27 ENSMMUG00000021075 RAC1 
ENSMMUP00000021130 23.57 ENSMMUG00000016059 RALA 
ENSMMUP00000000632 25.70 ENSMMUG00000000462 RALB 
ENSMMUP00000021658 229.74 ENSMMUG00000016487 RALGAPA1 
ENSMMUP00000024160 210.83 ENSMMUG00000018371 RALGAPA2 
ENSMMUP00000037922 166.49 ENSMMUG00000017350 RALGAPB 
ENSMMUP00000023777 32.50 ENSMMUG00000018093 RALY 
ENSMMUP00000027540 24.42 ENSMMUG00000020927 RAN 
ENSMMUP00000015009 20.82 ENSMMUG00000011442 RAP1B 
ENSMMUP00000029955 20.64 ENSMMUG00000022747 RAP2A 
ENSMMUP00000016437 75.30 ENSMMUG00000012516 RARS 
ENSMMUP00000022426 65.54 ENSMMUG00000017039 RARS2 
ENSMMUP00000013002 47.66 ENSMMUG00000009940 RBBP4 
ENSMMUP00000018984 34.17 ENSMMUG00000014458 RBKS 
ENSMMUP00000016605 11.86 ENSMMUG00000012642 RBX1 
ENSMMUP00000024143 29.35 ENSMMUG00000018360 RCN1 
ENSMMUP00000010763 36.84 ENSMMUG00000008213 RCN2 
ENSMMUP00000032850 35.43 ENSMMUG00000015868 RDH11 
ENSMMUP00000018508 68.93 ENSMMUG00000014083 RDH14 
ENSMMUP00000018510 36.60 ENSMMUG00000014083 RDH14 
ENSMMUP00000025520 67.01 ENSMMUG00000019416 RETSAT 
ENSMMUP00000016096 26.88 ENSMMUG00000012269 REXO2 
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ENSMMUP00000018070 146.32 ENSMMUG00000013742 RGS22 
ENSMMUP00000005284 21.29 ENSMMUG00000003957 RHOG 
ENSMMUP00000030292 44.74 ENSMMUG00000023007 RIBC2 
ENSMMUP00000002157 188.71 ENSMMUG00000001611 RICTOR 
ENSMMUP00000025147 23.86 ENSMMUG00000019128 RNASE10 
ENSMMUP00000027305 17.96 ENSMMUG00000020750 RNASE13 
ENSMMUP00000033164 24.52 ENSMMUG00000015833 RNASE9 
ENSMMUP00000037874 49.21 ENSMMUG00000010783 RNH1 
ENSMMUP00000010962 23.84 ENSMMUG00000008360 ROPN1B 
ENSMMUP00000012768 22.38 ENSMMUG00000009761 ROPN1L 
ENSMMUP00000020911 24.83 ENSMMUG00000015907 RPL10A 
ENSMMUP00000003295 19.03 ENSMMUG00000002445 RPL11 
ENSMMUP00000000568 17.83 ENSMMUG00000000422 RPL12 
ENSMMUP00000009906 23.62 ENSMMUG00000007551 RPL13A 
ENSMMUP00000008383 25.59 ENSMMUG00000006353 RPL15 
ENSMMUP00000006001 14.87 ENSMMUG00000004502 RPL23 
ENSMMUP00000019735 17.68 ENSMMUG00000015059 RPL24 
ENSMMUP00000010595 15.80 ENSMMUG00000008090 RPL27 
ENSMMUP00000000067 12.54 ENSMMUG00000000050 RPL35A 
ENSMMUP00000022146 47.69 ENSMMUG00000016844 RPL4 
ENSMMUP00000038598 32.67 ENSMMUG00000007433 RPL6 
ENSMMUP00000006809 28.42 ENSMMUG00000005141 RPL7 
ENSMMUP00000022450 29.25 ENSMMUG00000029237 RPL7A 
ENSMMUP00000012008 34.35 ENSMMUG00000009157 RPLP0 
ENSMMUP00000024084 68.73 ENSMMUG00000018321 RPN1 
ENSMMUP00000037883 69.31 ENSMMUG00000010363 RPN2 
ENSMMUP00000008516 14.51 ENSMMUG00000006463 RPS12 
ENSMMUP00000033854 18.17 ENSMMUG00000002848 RPS14 
ENSMMUP00000025450 16.45 ENSMMUG00000019370 RPS16 
ENSMMUP00000019224 17.61 ENSMMUG00000014648 RPS18 
ENSMMUP00000013097 13.24 ENSMMUG00000030251 RPS20 
ENSMMUP00000006634 9.14 ENSMMUG00000005006 RPS21 
ENSMMUP00000036826 26.69 ENSMMUG00000009019 RPS3 
ENSMMUP00000004386 29.60 ENSMMUG00000003295 RPS4Y1 
ENSMMUP00000015580 22.13 ENSMMUG00000011870 RPS7 
ENSMMUP00000020023 24.21 ENSMMUG00000015270 RPS8 
ENSMMUP00000029684 22.59 ENSMMUG00000022552 RPS9 
ENSMMUP00000030248 32.87 ENSMMUG00000022965 RPSA 
ENSMMUP00000031526 23.45 ENSMMUG00000028733 RRAS 
ENSMMUP00000023764 35.15 ENSMMUG00000018084 RSPH1 
ENSMMUP00000026312 48.85 ENSMMUG00000020011 RSPH3 
ENSMMUP00000008667 49.37 ENSMMUG00000006590 RSPH6A 
ENSMMUP00000033600 30.92 ENSMMUG00000029639 RSPH9 
ENSMMUP00000002365 38.84 ENSMMUG00000001774 RTDR1 
ENSMMUP00000020876 112.34 ENSMMUG00000015876 RTN3 
ENSMMUP00000024555 50.23 ENSMMUG00000018662 RUVBL1 
ENSMMUP00000005224 51.16 ENSMMUG00000003915 RUVBL2 
ENSMMUP00000001421 562.60 ENSMMUG00000001060 RYR2 
ENSMMUP00000002833 66.99 ENSMMUG00000002130 SACM1L 
ENSMMUP00000001464 76.21 ENSMMUG00000001099 SAMD15 
ENSMMUP00000020256 51.94 ENSMMUG00000015446 SAMM50 
ENSMMUP00000005894 22.40 ENSMMUG00000004417 SAR1B 
ENSMMUP00000028755 50.73 ENSMMUG00000021837 SARS 
ENSMMUP00000017034 34.55 ENSMMUG00000012974 SCAMP2 
ENSMMUP00000027514 54.28 ENSMMUG00000020913 SCARB2 
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ENSMMUP00000029234 40.04 ENSMMUG00000022208 SCCPDH 
ENSMMUP00000001159 37.43 ENSMMUG00000000866 SCD5 
ENSMMUP00000025874 72.70 ENSMMUG00000019692 SCFD1 
ENSMMUP00000026250 204.67 ENSMMUG00000019962 SCN11A 
ENSMMUP00000003649 229.20 ENSMMUG00000002712 SCN2A 
ENSMMUP00000024352 226.71 ENSMMUG00000018510 SCN9A 
ENSMMUP00000018183 34.05 ENSMMUG00000013833 SCO1 
ENSMMUP00000002351 29.87 ENSMMUG00000001764 SCO2 
ENSMMUP00000006562 45.05 ENSMMUG00000004952 SCP2 
ENSMMUP00000003031 50.63 ENSMMUG00000002269 SCPEP1 
ENSMMUP00000040182 29.85 ENSMMUG00000003089 SDCCAG3 
ENSMMUP00000024743 23.44 ENSMMUG00000018798 SDF2L1 
ENSMMUP00000001008 54.56 ENSMMUG00000014452 SDHA 
ENSMMUP00000002161 31.50 ENSMMUG00000001614 SDHB 
ENSMMUP00000038516 18.63 ENSMMUG00000012411 SDHC 
ENSMMUP00000019985 17.24 ENSMMUG00000015247 SDHD 
ENSMMUP00000012443 34.58 ENSMMUG00000009517 SDR39U1 
ENSMMUP00000015075 17.41 ENSMMUG00000011486 SEC11A 
ENSMMUP00000005885 21.59 ENSMMUG00000004408 SEC11C 
ENSMMUP00000026198 35.40 ENSMMUG00000019936 SEC13 
ENSMMUP00000017115 45.98 ENSMMUG00000013404 SEC14L2 
ENSMMUP00000016683 24.74 ENSMMUG00000012707 SEC22B 
ENSMMUP00000016913 86.41 ENSMMUG00000012878 SEC23B 
ENSMMUP00000005899 109.00 ENSMMUG00000004418 SEC24A 
ENSMMUP00000011146 132.91 ENSMMUG00000008501 SEC31A 
ENSMMUP00000024554 46.05 ENSMMUG00000018661 SEC61A1 
ENSMMUP00000033296 88.00 ENSMMUG00000016598 SEC63 
ENSMMUP00000008936 39.87 ENSMMUG00000006800 SEH1L 
ENSMMUP00000013095 88.64 ENSMMUG00000010016 SEL1L 
ENSMMUP00000022599 43.54 ENSMMUG00000017177 SEPT10 
ENSMMUP00000023590 40.67 ENSMMUG00000017945 SEPT12 
ENSMMUP00000037276 41.49 ENSMMUG00000004736 SEPT2 
ENSMMUP00000011042 53.14 ENSMMUG00000008423 SEPT4 
ENSMMUP00000009161 50.68 ENSMMUG00000006980 SEPT7 
ENSMMUP00000013499 55.89 ENSMMUG00000010309 SEPT8 
ENSMMUP00000032614 46.70 ENSMMUG00000020426 SERPINA1 
ENSMMUP00000014700 45.72 ENSMMUG00000011217 SERPINA5 
ENSMMUP00000009401 48.58 ENSMMUG00000007171 SERPINB12 
ENSMMUP00000003191 55.16 ENSMMUG00000002382 SERPINF2 
ENSMMUP00000027793 264.04 ENSMMUG00000021117 SETD2 
ENSMMUP00000024292 298.98 ENSMMUG00000018468 SETX 
ENSMMUP00000007333 88.82 ENSMMUG00000005547 SF3A1 
ENSMMUP00000029521 145.84 ENSMMUG00000022430 SF3B1 
ENSMMUP00000023419 133.61 ENSMMUG00000017812 SF3B3 
ENSMMUP00000025177 67.83 ENSMMUG00000019154 SFPQ 
ENSMMUP00000029783 35.63 ENSMMUG00000022620 SFXN3 
ENSMMUP00000012828 62.56 ENSMMUG00000009800 SGPL1 
ENSMMUP00000002263 11.25 ENSMMUG00000001689 SH3BGRL 
ENSMMUP00000017801 53.14 ENSMMUG00000013535 SHMT1 
ENSMMUP00000028687 55.79 ENSMMUG00000021785 SHMT2 
ENSMMUP00000011118 58.47 ENSMMUG00000008476 SIAE 
ENSMMUP00000027341 25.13 ENSMMUG00000020774 SIGMAR1 
ENSMMUP00000011129 35.31 ENSMMUG00000008490 SIRT3 
ENSMMUP00000011382 33.88 ENSMMUG00000008678 SIRT5 
ENSMMUP00000017138 18.07 ENSMMUG00000013046 SKP1 
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ENSMMUP00000027547 127.56 ENSMMUG00000020935 SLC12A6 
ENSMMUP00000027981 96.20 ENSMMUG00000021248 SLC12A9 
ENSMMUP00000039288 52.18 ENSMMUG00000014778 SLC16A7 
ENSMMUP00000000178 57.23 ENSMMUG00000000135 SLC1A1 
ENSMMUP00000006438 72.42 ENSMMUG00000004842 SLC22A14 
ENSMMUP00000007177 34.03 ENSMMUG00000005431 SLC25A1 
ENSMMUP00000005936 32.15 ENSMMUG00000004457 SLC25A10 
ENSMMUP00000003713 34.14 ENSMMUG00000002765 SLC25A11 
ENSMMUP00000009586 74.74 ENSMMUG00000007310 SLC25A12 
ENSMMUP00000006949 52.93 ENSMMUG00000005250 SLC25A13 
ENSMMUP00000029729 32.76 ENSMMUG00000022585 SLC25A15 
ENSMMUP00000010617 34.56 ENSMMUG00000008106 SLC25A17 
ENSMMUP00000023689 28.66 ENSMMUG00000018031 SLC25A19 
ENSMMUP00000020224 33.04 ENSMMUG00000015418 SLC25A20 
ENSMMUP00000009861 34.54 ENSMMUG00000007513 SLC25A22 
ENSMMUP00000012741 32.35 ENSMMUG00000009738 SLC25A29 
ENSMMUP00000030330 40.04 ENSMMUG00000023036 SLC25A3 
ENSMMUP00000019982 35.08 ENSMMUG00000015243 SLC25A31 
ENSMMUP00000020297 33.07 ENSMMUG00000015472 SLC25A4 
ENSMMUP00000025842 35.43 ENSMMUG00000019669 SLC25A42 
ENSMMUP00000029834 32.90 ENSMMUG00000022663 SLC25A5 
ENSMMUP00000008854 33.80 ENSMMUG00000006733 SLC25A52 
ENSMMUP00000009057 29.14 ENSMMUG00000006899 SLC25A6 
ENSMMUP00000033876 47.24 ENSMMUG00000029776 SLC26A2 
ENSMMUP00000011069 101.08 ENSMMUG00000008442 SLC26A8 
ENSMMUP00000003845 70.17 ENSMMUG00000002876 SLC27A2 
ENSMMUP00000018591 71.76 ENSMMUG00000014148 SLC27A4 
ENSMMUP00000040292 54.34 ENSMMUG00000000439 SLC2A3 
ENSMMUP00000021421 55.13 ENSMMUG00000016307 SLC2A5 
ENSMMUP00000029867 16.90 ENSMMUG00000022687 SLC35B2 
ENSMMUP00000033920 120.70 ENSMMUG00000003292 SLC38A10 
ENSMMUP00000026782 55.08 ENSMMUG00000020354 SLC3A2 
ENSMMUP00000019695 68.75 ENSMMUG00000015024 SLC44A1 
ENSMMUP00000004991 48.99 ENSMMUG00000003744 SLC44A2 
ENSMMUP00000023541 75.20 ENSMMUG00000017907 SLC44A5 
ENSMMUP00000022500 90.87 ENSMMUG00000017100 SLC4A1 
ENSMMUP00000017913 73.31 ENSMMUG00000013626 SLC5A1 
ENSMMUP00000004033 44.06 ENSMMUG00000003021 SLC5A12 
ENSMMUP00000013433 68.84 ENSMMUG00000010257 SLC5A6 
ENSMMUP00000034256 80.20 ENSMMUG00000029885 SLCO6A1 
ENSMMUP00000003511 170.31 ENSMMUG00000002614 SLIT2 
ENSMMUP00000010470 142.16 ENSMMUG00000007982 SMC3 
ENSMMUP00000041312 152.84 ENSMMUG00000005461 SMCHD1 
ENSMMUP00000017845 88.43 ENSMMUG00000005397 SMPD4 
ENSMMUP00000026831 40.11 ENSMMUG00000020392 SMS 
ENSMMUP00000020240 102.01 ENSMMUG00000015432 SND1 
ENSMMUP00000030627 244.28 ENSMMUG00000023261 SNRNP200 
ENSMMUP00000025498 39.31 ENSMMUG00000019406 SNRNP40 
ENSMMUP00000015518 28.42 ENSMMUG00000011826 SNRPA1 
ENSMMUP00000013142 23.66 ENSMMUG00000010050 SNRPB 
ENSMMUP00000005324 13.28 ENSMMUG00000003992 SNRPD1 
ENSMMUP00000009109 13.53 ENSMMUG00000006937 SNRPD2 
ENSMMUP00000000359 13.92 ENSMMUG00000000264 SNRPD3 
ENSMMUP00000038115 10.80 ENSMMUG00000031372 SNRPE 
ENSMMUP00000010446 8.50 ENSMMUG00000007961 SNRPG 
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ENSMMUP00000033508 59.17 ENSMMUG00000014005 SNX1 
ENSMMUP00000031067 58.40 ENSMMUG00000023598 SNX2 
ENSMMUP00000015060 46.81 ENSMMUG00000011476 SNX5 
ENSMMUP00000002283 15.98 ENSMMUG00000001711 SOD1 
ENSMMUP00000007739 11.98 ENSMMUG00000005885 SOD2 
ENSMMUP00000020659 80.86 ENSMMUG00000015733 SORBS2 
ENSMMUP00000021010 38.21 ENSMMUG00000015971 SORD 
ENSMMUP00000007661 91.30 ENSMMUG00000005812 SORT1 
ENSMMUP00000006557 32.08 ENSMMUG00000004947 SPACA1 
ENSMMUP00000014973 23.24 ENSMMUG00000011411 SPACA3 
ENSMMUP00000029168 13.22 ENSMMUG00000022157 SPACA4 
ENSMMUP00000014266 17.91 ENSMMUG00000010883 SPACA5 
ENSMMUP00000000510 70.70 ENSMMUG00000000382 SPAG16 
ENSMMUP00000039296 102.77 ENSMMUG00000008519 SPAG17 
ENSMMUP00000001181 55.48 ENSMMUG00000000882 SPAG6 
ENSMMUP00000021455 45.86 ENSMMUG00000016336 SPAG8 
ENSMMUP00000007542 58.47 ENSMMUG00000005719 SPAM1 
ENSMMUP00000024928 60.87 ENSMMUG00000018943 SPATA18 
ENSMMUP00000002282 19.11 ENSMMUG00000001710 SPATA19 
ENSMMUP00000022695 87.94 ENSMMUG00000017252 SPATA20 
ENSMMUP00000024179 20.13 ENSMMUG00000018388 SPATA3 
ENSMMUP00000012159 56.20 ENSMMUG00000009282 SPATA6 
ENSMMUP00000005345 53.21 ENSMMUG00000004008 SPATC1 
ENSMMUP00000022863 11.79 ENSMMUG00000017370 SPCS1 
ENSMMUP00000029997 21.34 ENSMMUG00000022784 SPCS3 
ENSMMUP00000024658 210.33 ENSMMUG00000018739 SPEF2 
ENSMMUP00000018770 278.41 ENSMMUG00000014291 SPG11 
ENSMMUP00000023987 11.33 ENSMMUG00000018248 SPINT4 
ENSMMUP00000012410 28.04 ENSMMUG00000009485 SPR 
ENSMMUP00000001152 23.04 ENSMMUG00000000859 SPRYD4 
ENSMMUP00000000984 280.85 ENSMMUG00000000730 SPTA1 
ENSMMUP00000012218 285.62 ENSMMUG00000009327 SPTAN1 
ENSMMUP00000025199 267.72 ENSMMUG00000019172 SPTB 
ENSMMUP00000017814 274.88 ENSMMUG00000013541 SPTBN1 
ENSMMUP00000004012 53.23 ENSMMUG00000003006 SPTLC1 
ENSMMUP00000004654 58.79 ENSMMUG00000003490 SRBD1 
ENSMMUP00000025069 28.51 ENSMMUG00000019071 SRD5A2 
ENSMMUP00000010421 69.95 ENSMMUG00000007938 SRPR 
ENSMMUP00000011691 29.65 ENSMMUG00000008918 SRPRB 
ENSMMUP00000023056 36.49 ENSMMUG00000017518 SRR 
ENSMMUP00000024814 300.83 ENSMMUG00000018858 SRRM2 
ENSMMUP00000030347 44.43 ENSMMUG00000023051 SSB 
ENSMMUP00000029533 17.25 ENSMMUG00000022442 SSBP1 
ENSMMUP00000002865 32.21 ENSMMUG00000002147 SSR1 
ENSMMUP00000004497 19.09 ENSMMUG00000003375 SSR4 
ENSMMUP00000036592 36.73 ENSMMUG00000006929 ST3GAL4 
ENSMMUP00000029492 63.47 ENSMMUG00000022408 ST6GALNAC1 
ENSMMUP00000022843 274.03 ENSMMUG00000017351 STAB1 
ENSMMUP00000014314 24.94 ENSMMUG00000010913 STARD6 
ENSMMUP00000029217 48.47 ENSMMUG00000022198 STK11 
ENSMMUP00000017096 31.62 ENSMMUG00000013024 STOM 
ENSMMUP00000015573 38.59 ENSMMUG00000011864 STOML2 
ENSMMUP00000013093 80.53 ENSMMUG00000010010 STT3A 
ENSMMUP00000011289 93.60 ENSMMUG00000008608 STT3B 
ENSMMUP00000016072 31.66 ENSMMUG00000012252 STX12 
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ENSMMUP00000006615 29.74 ENSMMUG00000004994 STX7 
ENSMMUP00000029030 50.60 ENSMMUG00000022041 STXBP2 
ENSMMUP00000026436 35.86 ENSMMUG00000020088 STYXL1 
ENSMMUP00000011412 49.22 ENSMMUG00000007539 SUCLA2 
ENSMMUP00000001216 33.13 ENSMMUG00000000908 SUCLG1 
ENSMMUP00000012680 46.50 ENSMMUG00000009693 SUCLG2 
ENSMMUP00000009543 156.33 ENSMMUG00000007280 SUCO 
ENSMMUP00000021537 37.68 ENSMMUG00000016401 SUGT1 
ENSMMUP00000031320 35.56 ENSMMUG00000023779 SULT1C4 
ENSMMUP00000012320 42.33 ENSMMUG00000009414 SUN5 
ENSMMUP00000026103 88.30 ENSMMUG00000019848 SUPV3L1 
ENSMMUP00000029414 33.24 ENSMMUG00000022344 SURF1 
ENSMMUP00000029418 30.38 ENSMMUG00000022348 SURF4 
ENSMMUP00000016508 69.60 ENSMMUG00000012575 SYNCRIP 
ENSMMUP00000025065 1010.79 ENSMMUG00000019048 SYNE1 
ENSMMUP00000014045 376.63 ENSMMUG00000001008 SYNE2 
ENSMMUP00000013967 146.42 ENSMMUG00000010659 SYNGAP1 
ENSMMUP00000017168 25.70 ENSMMUG00000013070 SYNGR4 
ENSMMUP00000014514 13.67 ENSMMUG00000011086 SYNJ2BP 
ENSMMUP00000025733 28.63 ENSMMUG00000019593 SYPL1 
ENSMMUP00000024720 67.62 ENSMMUG00000018781 SYVN1 
ENSMMUP00000016268 32.44 ENSMMUG00000012390 TACSTD1 
ENSMMUP00000029970 35.66 ENSMMUG00000022763 TACSTD2 
ENSMMUP00000007484 208.78 ENSMMUG00000005663 TAF1 
ENSMMUP00000037844 33.92 ENSMMUG00000007510 TALDO1 
ENSMMUP00000008230 81.03 ENSMMUG00000006256 TARS2 
ENSMMUP00000004859 39.29 ENSMMUG00000003642 TBC1D21 
ENSMMUP00000019988 143.23 ENSMMUG00000015246 TBC1D9 
ENSMMUP00000007105 126.29 ENSMMUG00000005376 TBCD 
ENSMMUP00000006823 12.47 ENSMMUG00000005155 TCEB1 
ENSMMUP00000024816 13.02 ENSMMUG00000018860 TCEB2 
ENSMMUP00000030527 92.53 ENSMMUG00000023190 TCIRG1 
ENSMMUP00000016880 60.30 ENSMMUG00000012846 TCP1 
ENSMMUP00000028602 56.19 ENSMMUG00000021720 TCP11 
ENSMMUP00000020118 23.11 ENSMMUG00000015340 TCTE3 
ENSMMUP00000028466 39.68 ENSMMUG00000021611 TECR 
ENSMMUP00000028344 48.18 ENSMMUG00000021519 TEKT1 
ENSMMUP00000015776 49.66 ENSMMUG00000012028 TEKT2 
ENSMMUP00000002950 56.68 ENSMMUG00000002208 TEKT3 
ENSMMUP00000029666 50.42 ENSMMUG00000022534 TEKT4 
ENSMMUP00000025931 48.04 ENSMMUG00000019726 TEKT5 
ENSMMUP00000029836 27.71 ENSMMUG00000022666 TEPP 
ENSMMUP00000002036 105.63 ENSMMUG00000001526 TEX10 
ENSMMUP00000004754 28.46 ENSMMUG00000003568 TEX101 
ENSMMUP00000015744 34.05 ENSMMUG00000012004 TEX264 
ENSMMUP00000011690 76.69 ENSMMUG00000008916 TF 
ENSMMUP00000026067 29.48 ENSMMUG00000019829 TFAM 
ENSMMUP00000002816 75.99 ENSMMUG00000002114 TFRC 
ENSMMUP00000032036 42.57 ENSMMUG00000028951 THEG 
ENSMMUP00000018863 23.59 ENSMMUG00000014361 THEM4 
ENSMMUP00000036140 83.19 ENSMMUG00000022383 THNSL1 
ENSMMUP00000019191 108.65 ENSMMUG00000014622 THRAP3 
ENSMMUP00000011701 17.93 ENSMMUG00000008923 THY1 
ENSMMUP00000019812 46.19 ENSMMUG00000015114 TICAM2 
ENSMMUP00000020688 13.82 ENSMMUG00000015757 TIMM16 
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ENSMMUP00000012888 21.94 ENSMMUG00000009847 TIMM23 
ENSMMUP00000008614 47.38 ENSMMUG00000006542 TIMM44 
ENSMMUP00000025459 50.06 ENSMMUG00000019376 TIMM50 
ENSMMUP00000009026 130.83 ENSMMUG00000003780 TJP2 
ENSMMUP00000018959 67.65 ENSMMUG00000014433 TKT 
ENSMMUP00000038973 87.89 ENSMMUG00000023365 TLE4 
ENSMMUP00000039464 268.80 ENSMMUG00000031856 TLN1 
ENSMMUP00000028658 103.59 ENSMMUG00000021762 TLR3 
ENSMMUP00000024707 61.43 ENSMMUG00000018773 TM7SF2 
ENSMMUP00000025694 75.69 ENSMMUG00000019556 TM9SF2 
ENSMMUP00000002497 67.55 ENSMMUG00000001874 TM9SF3 
ENSMMUP00000037694 72.54 ENSMMUG00000017416 TM9SF4 
ENSMMUP00000019887 24.97 ENSMMUG00000015168 TMED10 
ENSMMUP00000038432 22.74 ENSMMUG00000031491 TMED2 
ENSMMUP00000021247 24.93 ENSMMUG00000016164 TMED3 
ENSMMUP00000003567 26.11 ENSMMUG00000002650 TMED4 
ENSMMUP00000022099 26.01 ENSMMUG00000016811 TMED5 
ENSMMUP00000007950 27.31 ENSMMUG00000006055 TMED9 
ENSMMUP00000012704 54.26 ENSMMUG00000009709 TMEM102 
ENSMMUP00000019081 26.08 ENSMMUG00000014531 TMEM109 
ENSMMUP00000027489 21.51 ENSMMUG00000020893 TMEM11 
ENSMMUP00000021737 21.70 ENSMMUG00000016542 TMEM126A 
ENSMMUP00000007261 21.78 ENSMMUG00000005493 TMEM134 
ENSMMUP00000013400 52.42 ENSMMUG00000010229 TMEM135 
ENSMMUP00000024727 11.48 ENSMMUG00000018788 TMEM14C 
ENSMMUP00000020389 79.76 ENSMMUG00000015543 TMEM168 
ENSMMUP00000008496 34.20 ENSMMUG00000006446 TMEM177 
ENSMMUP00000020902 19.29 ENSMMUG00000015900 TMEM190 
ENSMMUP00000014840 21.13 ENSMMUG00000011313 TMEM205 
ENSMMUP00000000933 103.86 ENSMMUG00000000695 TMEM245 
ENSMMUP00000027553 27.98 ENSMMUG00000020940 TMEM33 
ENSMMUP00000003596 32.50 ENSMMUG00000002672 TMEM38B 
ENSMMUP00000007451 32.51 ENSMMUG00000005639 TMEM41B 
ENSMMUP00000039043 45.00 ENSMMUG00000023124 TMEM43 
ENSMMUP00000019454 31.56 ENSMMUG00000014820 TMEM53 
ENSMMUP00000019821 26.11 ENSMMUG00000015122 TMEM65 
ENSMMUP00000004029 29.00 ENSMMUG00000003017 TMEM70 
ENSMMUP00000019060 63.44 ENSMMUG00000014515 TMEM87A 
ENSMMUP00000002984 63.60 ENSMMUG00000002231 TMEM87B 
ENSMMUP00000019294 17.51 ENSMMUG00000014706 TMEM89 
ENSMMUP00000018845 50.54 ENSMMUG00000014346 TMEM91 
ENSMMUP00000024319 38.64 ENSMMUG00000018484 TMPRSS12 
ENSMMUP00000002540 31.83 ENSMMUG00000001901 TMX1 
ENSMMUP00000023317 51.94 ENSMMUG00000017728 TMX3 
ENSMMUP00000027824 38.91 ENSMMUG00000021137 TMX4 
ENSMMUP00000011633 89.50 ENSMMUG00000008869 TNFAIP3 
ENSMMUP00000027531 97.28 ENSMMUG00000020923 TNPO1 
ENSMMUP00000004141 30.31 ENSMMUG00000003104 TOLLIP 
ENSMMUP00000017583 53.92 ENSMMUG00000013383 TOM1 
ENSMMUP00000000483 15.52 ENSMMUG00000000364 TOMM22 
ENSMMUP00000018785 37.82 ENSMMUG00000014303 TOMM40 
ENSMMUP00000009671 183.21 ENSMMUG00000007371 TOP2B 
ENSMMUP00000019517 75.71 ENSMMUG00000014873 TOR1AIP1 
ENSMMUP00000006872 22.70 ENSMMUG00000005194 TPI1 
ENSMMUP00000021865 28.30 ENSMMUG00000016627 TPMT 
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ENSMMUP00000010182 61.24 ENSMMUG00000007745 TPP1 
ENSMMUP00000009507 138.62 ENSMMUG00000007247 TPP2 
ENSMMUP00000033157 18.42 ENSMMUG00000020749 TPPP2 
ENSMMUP00000006173 19.60 ENSMMUG00000031336 TPT1 
ENSMMUP00000030897 92.62 ENSMMUG00000023469 TRA1 
ENSMMUP00000001584 32.23 ENSMMUG00000001185 TRA2B 
ENSMMUP00000002015 43.12 ENSMMUG00000001516 TRAM1 
ENSMMUP00000028795 76.11 ENSMMUG00000021868 TRAP1 
ENSMMUP00000031161 128.94 ENSMMUG00000023651 TRAPPC11 
ENSMMUP00000016323 16.15 ENSMMUG00000012433 TRAPPC2L 
ENSMMUP00000029598 20.27 ENSMMUG00000022499 TRAPPC3 
ENSMMUP00000036659 24.31 ENSMMUG00000016946 TRAPPC4 
ENSMMUP00000007639 70.70 ENSMMUG00000005790 TRIM25 
ENSMMUP00000028181 82.87 ENSMMUG00000021392 TRIM42 
ENSMMUP00000021910 52.91 ENSMMUG00000016660 TRIML1 
ENSMMUP00000023635 50.69 ENSMMUG00000017983 TRNT1 
ENSMMUP00000030699 437.48 ENSMMUG00000023318 TRRAP 
ENSMMUP00000039298 37.77 ENSMMUG00000005893 TSFM 
ENSMMUP00000027799 26.18 ENSMMUG00000021119 TSN 
ENSMMUP00000021291 33.13 ENSMMUG00000016204 TSNAX 
ENSMMUP00000014835 26.39 ENSMMUG00000011311 TSPAN16 
ENSMMUP00000022885 41.41 ENSMMUG00000017385 TSSK2 
ENSMMUP00000016406 38.56 ENSMMUG00000012496 TSSK4 
ENSMMUP00000016214 33.19 ENSMMUG00000012349 TST 
ENSMMUP00000019242 35.82 ENSMMUG00000014664 TSTA3 
ENSMMUP00000014797 125.96 ENSMMUG00000011285 TTC18 
ENSMMUP00000011733 55.09 ENSMMUG00000008949 TTC19 
ENSMMUP00000011868 2284.26 ENSMMUG00000009038 TTN 
ENSMMUP00000011870 522.28 ENSMMUG00000009038 TTN 
ENSMMUP00000027752 50.15 ENSMMUG00000021081 TUBA1B 
ENSMMUP00000008770 49.96 ENSMMUG00000006668 TUBA3C 
ENSMMUP00000037577 49.92 ENSMMUG00000019628 TUBA4A 
ENSMMUP00000031199 49.67 ENSMMUG00000023684 TUBB 
ENSMMUP00000031327 49.95 ENSMMUG00000023785 TUBB2B 
ENSMMUP00000015958 49.83 ENSMMUG00000012164 TUBB2C 
ENSMMUP00000041334 43.76 ENSMMUG00000032572 TUBB6 
ENSMMUP00000004400 49.95 ENSMMUG00000003303 TUFM 
ENSMMUP00000008086 42.71 ENSMMUG00000006154 TWF1 
ENSMMUP00000021320 11.72 ENSMMUG00000016222 TXN 
ENSMMUP00000004381 19.25 ENSMMUG00000003290 TXNDC12 
ENSMMUP00000005049 13.94 ENSMMUG00000003788 TXNDC17 
ENSMMUP00000019675 35.04 ENSMMUG00000015013 TXNDC2 
ENSMMUP00000028456 38.63 ENSMMUG00000021601 TXNDC5 
ENSMMUP00000016956 32.19 ENSMMUG00000012915 TXNL1 
ENSMMUP00000037282 56.27 ENSMMUG00000017147 TXNRD2 
ENSMMUP00000006397 53.35 ENSMMUG00000004810 U2AF2 
ENSMMUP00000003724 118.32 ENSMMUG00000002775 U2SURP 
ENSMMUP00000022942 117.92 ENSMMUG00000017428 UBA1 
ENSMMUP00000011312 51.85 ENSMMUG00000008620 UBA3 
ENSMMUP00000041329 14.77 ENSMMUG00000023179 UBA52 
ENSMMUP00000014679 16.87 ENSMMUG00000011201 UBE2D3 
ENSMMUP00000014859 22.41 ENSMMUG00000011325 UBE2K 
ENSMMUP00000029784 20.90 ENSMMUG00000022621 UBE2M 
ENSMMUP00000040613 139.10 ENSMMUG00000016296 UBE4B 
ENSMMUP00000008791 561.63 ENSMMUG00000006669 UBR4 
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ENSMMUP00000016063 56.78 ENSMMUG00000012248 UBXN4 
ENSMMUP00000021964 49.67 ENSMMUG00000016709 UBXN6 
ENSMMUP00000004740 26.17 ENSMMUG00000003560 UCHL3 
ENSMMUP00000029811 35.23 ENSMMUG00000022641 UCHL5 
ENSMMUP00000004689 49.84 ENSMMUG00000003520 UFSP2 
ENSMMUP00000002518 55.08 ENSMMUG00000001892 UGDH 
ENSMMUP00000030702 174.97 ENSMMUG00000023321 UGGT1 
ENSMMUP00000007703 174.97 ENSMMUG00000005842 UGGT2 
ENSMMUP00000011491 55.70 ENSMMUG00000008770 UGP2 
ENSMMUP00000013641 34.45 ENSMMUG00000010403 UQCC 
ENSMMUP00000011547 13.47 ENSMMUG00000008804 UQCRB 
ENSMMUP00000019293 52.80 ENSMMUG00000014705 UQCRC1 
ENSMMUP00000032564 48.42 ENSMMUG00000018287 UQCRC2 
ENSMMUP00000030343 29.75 ENSMMUG00000023048 UQCRFS1 
ENSMMUP00000020522 9.78 ENSMMUG00000015635 UQCRQ 
ENSMMUP00000017069 40.38 ENSMMUG00000016623 UROD 
ENSMMUP00000018447 6.48 ENSMMUG00000014037 USMG5 
ENSMMUP00000006198 55.94 ENSMMUG00000004660 USP14 
ENSMMUP00000006871 95.80 ENSMMUG00000005192 USP5 
ENSMMUP00000032641 125.25 ENSMMUG00000004059 USP7 
ENSMMUP00000025550 394.60 ENSMMUG00000019438 UTRN 
ENSMMUP00000036389 11.44 ENSMMUG00000030785 VAMP8 
ENSMMUP00000006607 27.23 ENSMMUG00000004986 VAPB 
ENSMMUP00000008979 131.84 ENSMMUG00000006828 VARS 
ENSMMUP00000021045 42.19 ENSMMUG00000016001 VAT1 
ENSMMUP00000026582 89.17 ENSMMUG00000020190 VCP 
ENSMMUP00000021336 30.72 ENSMMUG00000016235 VDAC1 
ENSMMUP00000011398 31.61 ENSMMUG00000008691 VDAC2 
ENSMMUP00000026578 30.63 ENSMMUG00000020185 VDAC3 
ENSMMUP00000027960 19.82 ENSMMUG00000021235 VKORC1L1 
ENSMMUP00000025983 360.46 ENSMMUG00000019754 VPS13A 
ENSMMUP00000033539 417.52 ENSMMUG00000001362 VPS13C 
ENSMMUP00000002867 20.75 ENSMMUG00000002149 VPS25 
ENSMMUP00000038644 20.50 ENSMMUG00000009255 VPS29 
ENSMMUP00000016622 27.08 ENSMMUG00000018037 VPS33A 
ENSMMUP00000015659 90.70 ENSMMUG00000011940 VPS35 
ENSMMUP00000005156 82.22 ENSMMUG00000003864 VPS52 
ENSMMUP00000014200 48.48 ENSMMUG00000010837 VRK3 
ENSMMUP00000015229 161.94 ENSMMUG00000011594 VWA8 
ENSMMUP00000015230 106.37 ENSMMUG00000011594 VWA8 
ENSMMUP00000036957 27.78 ENSMMUG00000031011 WBP2NL 
ENSMMUP00000027872 395.69 ENSMMUG00000021164 WDFY3 
ENSMMUP00000001290 66.48 ENSMMUG00000000960 WDR1 
ENSMMUP00000012303 68.32 ENSMMUG00000009399 WDR16 
ENSMMUP00000011711 102.90 ENSMMUG00000008932 WDR63 
ENSMMUP00000037484 123.58 ENSMMUG00000008763 WDR64 
ENSMMUP00000003559 78.44 ENSMMUG00000002642 WDR65 
ENSMMUP00000016614 94.33 ENSMMUG00000012649 WDR66 
ENSMMUP00000000859 95.13 ENSMMUG00000000641 WDR78 
ENSMMUP00000020101 188.62 ENSMMUG00000015328 WDR96 
ENSMMUP00000038002 27.42 ENSMMUG00000003805 WFDC8 
ENSMMUP00000013004 71.24 ENSMMUG00000009943 WHSC1 
ENSMMUP00000008302 104.98 ENSMMUG00000006305 WWP1 
ENSMMUP00000000757 146.13 ENSMMUG00000000561 XDH 
ENSMMUP00000026531 198.35 ENSMMUG00000020150 XIRP1 
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ENSMMUP00000017425 377.48 ENSMMUG00000013251 XIRP2 
ENSMMUP00000035652 62.11 ENSMMUG00000015117 XPNPEP1 
ENSMMUP00000005437 35.01 ENSMMUG00000004067 XPNPEP3 
ENSMMUP00000009112 123.39 ENSMMUG00000006941 XPO1 
ENSMMUP00000002718 123.38 ENSMMUG00000002032 XPO7 
ENSMMUP00000002469 64.26 ENSMMUG00000001856 XRCC6 
ENSMMUP00000003265 22.42 ENSMMUG00000002430 YKT6 
ENSMMUP00000017350 28.08 ENSMMUG00000013206 YWHAB 
ENSMMUP00000005516 28.30 ENSMMUG00000004125 YWHAG 
ENSMMUP00000013010 28.22 ENSMMUG00000009945 YWHAH 
ENSMMUP00000034863 27.82 ENSMMUG00000000721 YWHAQ 
ENSMMUP00000008547 27.75 ENSMMUG00000006489 YWHAZ 
ENSMMUP00000019570 40.71 ENSMMUG00000014915 ZADH2 
ENSMMUP00000006236 298.02 ENSMMUG00000022840 ZAN 
ENSMMUP00000007877 54.90 ENSMMUG00000005992 ZMPSTE24 
ENSMMUP00000001385 41.77 ENSMMUG00000001034 ZMYND12 
ENSMMUP00000015190 230.80 ENSMMUG00000011567 ZNF318 
ENSMMUP00000039742 103.99 ENSMMUG00000008557 ZNF618 
ENSMMUP00000017889 83.19 ENSMMUG00000013603 ZNF711 
ENSMMUP00000018010 40.04 ENSMMUG00000013690 ZPBP 
ENSMMUP00000034605 37.17 ENSMMUG00000017341 ZPBP2 
ENSMMUP00000000566 35.81 ENSMMUG00000000420  
ENSMMUP00000000653 34.98 ENSMMUG00000000478  
ENSMMUP00000001377 56.98 ENSMMUG00000001027  
ENSMMUP00000001989 34.42 ENSMMUG00000001496  
ENSMMUP00000002349 32.12 ENSMMUG00000012991  
ENSMMUP00000003513 18.58 ENSMMUG00000002615  
ENSMMUP00000004409 81.54 ENSMMUG00000003308  
ENSMMUP00000005346 134.54 ENSMMUG00000004009  
ENSMMUP00000005801 18.87 ENSMMUG00000004339  
ENSMMUP00000008024 170.48 ENSMMUG00000006106  
ENSMMUP00000008031 177.66 ENSMMUG00000006109  
ENSMMUP00000008777 95.41 ENSMMUG00000006673  
ENSMMUP00000009015 105.36 ENSMMUG00000006861  
ENSMMUP00000009119 66.69 ENSMMUG00000006946  
ENSMMUP00000010888 49.41 ENSMMUG00000008304  
ENSMMUP00000010946 11.45 ENSMMUG00000008349  
ENSMMUP00000012363 60.65 ENSMMUG00000009454  
ENSMMUP00000014000 25.66 ENSMMUG00000010685  
ENSMMUP00000014421 8.33 ENSMMUG00000011012  
ENSMMUP00000016475 28.09 ENSMMUG00000012551  
ENSMMUP00000016974 22.02 ENSMMUG00000012927  
ENSMMUP00000017672 47.57 ENSMMUG00000032049  
ENSMMUP00000018083 16.71 ENSMMUG00000013755  
ENSMMUP00000020093 124.93 ENSMMUG00000015322  
ENSMMUP00000020738 32.97 ENSMMUG00000015781  
ENSMMUP00000020929 42.51 ENSMMUG00000018220  
ENSMMUP00000021420 47.48 ENSMMUG00000016306  
ENSMMUP00000021485 83.26 ENSMMUG00000016363  
ENSMMUP00000021664 124.14 ENSMMUG00000016488  
ENSMMUP00000022875 23.86 ENSMMUG00000017377  
ENSMMUP00000023960 59.95 ENSMMUG00000018220  
ENSMMUP00000024288 104.85 ENSMMUG00000018463  
ENSMMUP00000026875 31.03 ENSMMUG00000020422  
ENSMMUP00000027398 42.24 ENSMMUG00000020813  
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ENSMMUP00000028587 64.40 ENSMMUG00000021709  
ENSMMUP00000028588 61.86 ENSMMUG00000021710  
ENSMMUP00000028650 33.07 ENSMMUG00000021753  
ENSMMUP00000029222 67.19 ENSMMUG00000022201  
ENSMMUP00000029582 14.81 ENSMMUG00000022489  
ENSMMUP00000029912 70.31 ENSMMUG00000022716  
ENSMMUP00000031467 22.72 ENSMMUG00000028719  
ENSMMUP00000032571 87.86 ENSMMUG00000029195  
ENSMMUP00000034259 176.81 ENSMMUG00000011880  
ENSMMUP00000035567 15.28 ENSMMUG00000021139  
ENSMMUP00000037397 22.84 ENSMMUG00000031138  
ENSMMUP00000037674 18.32 ENSMMUG00000031233  
ENSMMUP00000040402 28.05 ENSMMUG00000032181  
ENSMMUP00000040403 26.74 ENSMMUG00000032182  
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ENSMMUP00000021279 573.35 ENSMMUG00000016191 ABCA13 
ENSMMUP00000003495 179.05 ENSMMUG00000018286 ABCA15 
ENSMMUP00000024472 184.21 ENSMMUG00000018592 ABCA6 
ENSMMUP00000014135 139.56 ENSMMUG00000010788 ABCB4 
ENSMMUP00000025762 94.05 ENSMMUG00000019616 ABCB6 
ENSMMUP00000004558 126.21 ENSMMUG00000005914 ABCC1 
ENSMMUP00000010874 154.16 ENSMMUG00000008290 ABCC11 
ENSMMUP00000004562 169.23 ENSMMUG00000003414 ABCC3 
ENSMMUP00000028722 149.42 ENSMMUG00000021807 ABCC4 
ENSMMUP00000007289 161.01 ENSMMUG00000005515 ABCC5 
ENSMMUP00000016750 83.05 ENSMMUG00000012746 ABCD1 
ENSMMUP00000018407 82.99 ENSMMUG00000014007 ABCD2 
ENSMMUP00000018416 74.90 ENSMMUG00000014013 ABCD3 
ENSMMUP00000000937 33.76 ENSMMUG00000000696 ABHD10 
ENSMMUP00000019117 33.55 ENSMMUG00000014557 ABHD11 
ENSMMUP00000012062 44.98 ENSMMUG00000009201 ABHD12 
ENSMMUP00000025827 22.44 ENSMMUG00000019657 ABHD14B 
ENSMMUP00000020586 63.18 ENSMMUG00000015686 ABHD16A 
ENSMMUP00000001337 47.41 ENSMMUG00000000990 ACAA1 
ENSMMUP00000004053 41.48 ENSMMUG00000003040 ACAA2 
ENSMMUP00000012252 259.96 ENSMMUG00000009349 ACACA 
ENSMMUP00000029890 145.79 ENSMMUG00000022698 ACACB 
ENSMMUP00000009312 44.84 ENSMMUG00000007107 ACAD8 
ENSMMUP00000008358 68.92 ENSMMUG00000006338 ACAD9 
ENSMMUP00000013785 47.96 ENSMMUG00000010517 ACADL 
ENSMMUP00000009469 50.39 ENSMMUG00000007220 ACADM 
ENSMMUP00000027174 44.35 ENSMMUG00000020648 ACADS 
ENSMMUP00000013817 72.76 ENSMMUG00000010538 ACADVL 
ENSMMUP00000017196 85.86 ENSMMUG00000013092 ACAP2 
ENSMMUP00000005565 45.10 ENSMMUG00000004161 ACAT1 
ENSMMUP00000016555 140.81 ENSMMUG00000012608 ACE 
ENSMMUP00000017040 151.88 ENSMMUG00000012979 ACIN1 
ENSMMUP00000024909 65.27 ENSMMUG00000018931 ACLY 
ENSMMUP00000010735 101.28 ENSMMUG00000008196 ACO1 
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ENSMMUP00000001942 85.35 ENSMMUG00000001454 ACO2 
ENSMMUP00000034354 14.93 ENSMMUG00000029939 ACOT13 
ENSMMUP00000009010 52.92 ENSMMUG00000006855 ACOT2 
ENSMMUP00000005471 41.90 ENSMMUG00000004094 ACOT7 
ENSMMUP00000016430 36.00 ENSMMUG00000012510 ACOT8 
ENSMMUP00000018616 74.76 ENSMMUG00000014172 ACOX1 
ENSMMUP00000008198 65.67 ENSMMUG00000006234 ACOX3 
ENSMMUP00000024229 40.80 ENSMMUG00000018421 ACOXL 
ENSMMUP00000039205 48.56 ENSMMUG00000013561 ACP6 
ENSMMUP00000025884 55.17 ENSMMUG00000019697 ACPL2 
ENSMMUP00000007394 43.64 ENSMMUG00000005592 ACR 
ENSMMUP00000022339 61.52 ENSMMUG00000016983 ACRBP 
ENSMMUP00000019440 26.26 ENSMMUG00000014812 ACRV1 
ENSMMUP00000024921 69.10 ENSMMUG00000018937 ACSBG2 
ENSMMUP00000022670 63.48 ENSMMUG00000017236 ACSF2 
ENSMMUP00000015972 77.90 ENSMMUG00000012177 ACSL1 
ENSMMUP00000022230 68.24 ENSMMUG00000016909 ACSL6 
ENSMMUP00000011787 65.12 ENSMMUG00000009002 ACSM5 
ENSMMUP00000018151 75.10 ENSMMUG00000013800 ACSS3 
ENSMMUP00000012328 41.74 ENSMMUG00000009425 ACTB 
ENSMMUP00000009222 42.02 ENSMMUG00000007027 ACTC1 
ENSMMUP00000025431 48.71 ENSMMUG00000019355 ACTL7A 
ENSMMUP00000001111 45.74 ENSMMUG00000000818 ACTL9 
ENSMMUP00000008470 104.86 ENSMMUG00000006429 ACTN4 
ENSMMUP00000015668 42.62 ENSMMUG00000011949 ACTR1A 
ENSMMUP00000019703 47.30 ENSMMUG00000015032 ACTR3 
ENSMMUP00000016190 41.48 ENSMMUG00000012334 ACTRT2 
ENSMMUP00000028801 46.90 ENSMMUG00000021874 ACTRT3 
ENSMMUP00000023035 84.14 ENSMMUG00000017507 ADAM10 
ENSMMUP00000004194 82.40 ENSMMUG00000003137 ADAM2 
ENSMMUP00000023007 87.64 ENSMMUG00000017482 ADAM30 
ENSMMUP00000032138 88.35 ENSMMUG00000029007 ADAM32 
ENSMMUP00000010384 85.82 ENSMMUG00000007909 ADAM7 
ENSMMUP00000017606 101.70 ENSMMUG00000013405 ADAMTS5 
ENSMMUP00000017977 188.77 ENSMMUG00000013670 ADAMTSL3 
ENSMMUP00000021168 103.59 ENSMMUG00000016093 ADAR 
ENSMMUP00000022527 77.02 ENSMMUG00000017120 ADARB2 
ENSMMUP00000007594 55.39 ENSMMUG00000005751 ADAT1 
ENSMMUP00000013610 186.02 ENSMMUG00000010380 ADCY10 
ENSMMUP00000004729 39.78 ENSMMUG00000003552 ADH5 
ENSMMUP00000014834 53.95 ENSMMUG00000011309 ADPGK 
ENSMMUP00000020525 127.60 ENSMMUG00000015640 AFF4 
ENSMMUP00000027808 90.22 ENSMMUG00000021125 AFG3L2 
ENSMMUP00000008562 102.12 ENSMMUG00000006503 AFTPH 
ENSMMUP00000009701 37.42 ENSMMUG00000007393 AGA 
ENSMMUP00000011141 73.08 ENSMMUG00000008502 AGPS 
ENSMMUP00000022436 19.95 ENSMMUG00000017050 AGR2 
ENSMMUP00000021064 19.01 ENSMMUG00000016017 AGR3 
ENSMMUP00000040699 212.81 ENSMMUG00000000838 AGRN 
ENSMMUP00000012267 131.25 ENSMMUG00000009368 AHI1 
ENSMMUP00000037351 479.98 ENSMMUG00000022301 AHNAK 
ENSMMUP00000006569 66.29 ENSMMUG00000004954 AIFM1 
ENSMMUP00000018395 21.62 ENSMMUG00000013998 AK1 
ENSMMUP00000008266 25.62 ENSMMUG00000006284 AK2 
ENSMMUP00000000191 25.48 ENSMMUG00000000143 AK3 
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ENSMMUP00000004532 82.85 ENSMMUG00000003397 AK7 
ENSMMUP00000012974 54.74 ENSMMUG00000009916 AK8 
ENSMMUP00000014749 299.28 ENSMMUG00000011251 AKAP13 
ENSMMUP00000027397 94.65 ENSMMUG00000020812 AKAP3 
ENSMMUP00000030361 64.47 ENSMMUG00000023060 AKAP4 
ENSMMUP00000041059 23.52 ENSMMUG00000023060 AKAP4 
ENSMMUP00000003167 451.52 ENSMMUG00000002364 AKAP9 
ENSMMUP00000001238 29.38 ENSMMUG00000000917 AKR1B1 
ENSMMUP00000009048 36.76 ENSMMUG00000006891 AKR7A2 
ENSMMUP00000005100 68.87 ENSMMUG00000003827 ALB 
ENSMMUP00000011950 64.97 ENSMMUG00000009107 ALCAM 
ENSMMUP00000004139 87.33 ENSMMUG00000003102 ALDH18A1 
ENSMMUP00000017493 54.80 ENSMMUG00000013303 ALDH1A1 
ENSMMUP00000038620 51.82 ENSMMUG00000008336 ALDH2 
ENSMMUP00000018567 57.58 ENSMMUG00000014130 ALDH3A2 
ENSMMUP00000025444 57.01 ENSMMUG00000019368 ALDH5A1 
ENSMMUP00000016657 58.15 ENSMMUG00000012684 ALDH6A1 
ENSMMUP00000036869 55.29 ENSMMUG00000002489 ALDH7A1 
ENSMMUP00000020979 53.50 ENSMMUG00000015946 ALDH9A1 
ENSMMUP00000001319 39.43 ENSMMUG00000000983 ALDOA 
ENSMMUP00000026743 39.44 ENSMMUG00000020322 ALDOC 
ENSMMUP00000004782 36.92 ENSMMUG00000003585 ALG5 
ENSMMUP00000013440 176.39 ENSMMUG00000010265 ALK 
ENSMMUP00000003771 410.41 ENSMMUG00000002819 ALMS1 
ENSMMUP00000013679 201.19 ENSMMUG00000010434 ALPK3 
ENSMMUP00000002960 57.46 ENSMMUG00000002217 ALPL 
ENSMMUP00000010105 117.40 ENSMMUG00000007688 AMOT 
ENSMMUP00000034878 431.71 ENSMMUG00000008633 ANK2 
ENSMMUP00000004790 479.83 ENSMMUG00000003589 ANK3 
ENSMMUP00000025215 115.85 ENSMMUG00000019184 ANKFY1 
ENSMMUP00000018821 84.23 ENSMMUG00000014331 ANKK1 
ENSMMUP00000041324 232.42 ENSMMUG00000022097 ANKRD12 
ENSMMUP00000021541 195.36 ENSMMUG00000016403 ANKRD26 
ENSMMUP00000011976 116.29 ENSMMUG00000021288 ANKRD28 
ENSMMUP00000008921 149.62 ENSMMUG00000006783 ANKRD50 
ENSMMUP00000019645 109.91 ENSMMUG00000014983 ANPEP 
ENSMMUP00000016637 38.73 ENSMMUG00000012667 ANXA1 
ENSMMUP00000026008 54.32 ENSMMUG00000019780 ANXA11 
ENSMMUP00000015738 38.61 ENSMMUG00000012000 ANXA2 
ENSMMUP00000029245 35.84 ENSMMUG00000022218 ANXA3 
ENSMMUP00000001151 36.02 ENSMMUG00000000857 ANXA4 
ENSMMUP00000012054 35.65 ENSMMUG00000009194 ANXA5 
ENSMMUP00000027707 74.95 ENSMMUG00000021053 ANXA6 
ENSMMUP00000020625 52.82 ENSMMUG00000015708 ANXA7 
ENSMMUP00000028164 104.60 ENSMMUG00000021380 AP1B1 
ENSMMUP00000014261 92.02 ENSMMUG00000010878 AP1G1 
ENSMMUP00000004831 103.98 ENSMMUG00000003620 AP2A2 
ENSMMUP00000000446 300.08 ENSMMUG00000000330 APC 
ENSMMUP00000008795 25.31 ENSMMUG00000006685 APCS 
ENSMMUP00000009907 57.29 ENSMMUG00000007552 APLF 
ENSMMUP00000007600 46.57 ENSMMUG00000005755 APMAP 
ENSMMUP00000003528 26.77 ENSMMUG00000002623 APOA1BP 
ENSMMUP00000021207 44.99 ENSMMUG00000016125 APOA4 
ENSMMUP00000021209 30.74 ENSMMUG00000016125 APOA4 
ENSMMUP00000010112 515.30 ENSMMUG00000007692 APOB 
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ENSMMUP00000005360 24.90 ENSMMUG00000004017 APOBEC3C 
ENSMMUP00000021484 22.31 ENSMMUG00000016361 APOO 
ENSMMUP00000012460 73.13 ENSMMUG00000009524 APPL2 
ENSMMUP00000039362 37.14 ENSMMUG00000001545 AQP7 
ENSMMUP00000003423 57.18 ENSMMUG00000002543 ARCN1 
ENSMMUP00000003743 20.70 ENSMMUG00000002792 ARF1 
ENSMMUP00000024494 20.51 ENSMMUG00000018617 ARF4 
ENSMMUP00000020526 20.08 ENSMMUG00000015642 ARF6 
ENSMMUP00000025793 202.10 ENSMMUG00000019635 ARFGEF2 
ENSMMUP00000037126 50.51 ENSMMUG00000007831 ARHGAP1 
ENSMMUP00000008404 142.80 ENSMMUG00000006369 ARHGAP29 
ENSMMUP00000004198 222.31 ENSMMUG00000003139 ARHGEF17 
ENSMMUP00000016675 233.75 ENSMMUG00000012697 ARID1A 
ENSMMUP00000000572 131.83 ENSMMUG00000000424 ARID5B 
ENSMMUP00000040467 18.99 ENSMMUG00000032201 ARMC12 
ENSMMUP00000013614 96.34 ENSMMUG00000010384 ARMC3 
ENSMMUP00000027190 115.61 ENSMMUG00000020661 ARMC4 
ENSMMUP00000020994 88.68 ENSMMUG00000015959 ARPP21 
ENSMMUP00000027507 34.77 ENSMMUG00000020907 ART3 
ENSMMUP00000020335 44.81 ENSMMUG00000015497 ASAH1 
ENSMMUP00000000338 409.63 ENSMMUG00000000245 ASPM 
ENSMMUP00000014282 60.63 ENSMMUG00000010887 ASPSCR1 
ENSMMUP00000018182 32.13 ENSMMUG00000013831 ASRGL1 
ENSMMUP00000018975 168.15 ENSMMUG00000014451 ASXL3 
ENSMMUP00000007625 63.52 ENSMMUG00000005776 ATL3 
ENSMMUP00000005561 338.22 ENSMMUG00000004153 ATM 
ENSMMUP00000010673 112.91 ENSMMUG00000008151 ATP1A1 
ENSMMUP00000023453 109.50 ENSMMUG00000017836 ATP1A4 
ENSMMUP00000027746 35.00 ENSMMUG00000021078 ATP1B1 
ENSMMUP00000038541 31.51 ENSMMUG00000012256 ATP1B3 
ENSMMUP00000002322 111.28 ENSMMUG00000001739 ATP2A2 
ENSMMUP00000010827 108.19 ENSMMUG00000008263 ATP2A3 
ENSMMUP00000030778 134.69 ENSMMUG00000023378 ATP2B1 
ENSMMUP00000027791 137.72 ENSMMUG00000021116 ATP2B4 
ENSMMUP00000004753 59.75 ENSMMUG00000003570 ATP5A1 
ENSMMUP00000035315 56.40 ENSMMUG00000030356 ATP5B 
ENSMMUP00000012071 33.08 ENSMMUG00000009207 ATP5C1 
ENSMMUP00000004417 28.78 ENSMMUG00000003313 ATP5F1 
ENSMMUP00000015287 18.51 ENSMMUG00000011647 ATP5H 
ENSMMUP00000023168 11.43 ENSMMUG00000017604 ATP5L 
ENSMMUP00000020340 23.25 ENSMMUG00000015504 ATP5O 
ENSMMUP00000002167 40.40 ENSMMUG00000001618 ATP6V0D2 
ENSMMUP00000027293 68.33 ENSMMUG00000020740 ATP6V1A 
ENSMMUP00000030757 139.18 ENSMMUG00000023364 ATP8B2 
ENSMMUP00000001233 115.89 ENSMMUG00000000918 ATP9A 
ENSMMUP00000004875 32.76 ENSMMUG00000003657 ATPAF2 
ENSMMUP00000010409 301.78 ENSMMUG00000007927 ATR 
ENSMMUP00000029719 282.30 ENSMMUG00000022574 ATRX 
ENSMMUP00000020756 35.61 ENSMMUG00000015798 AUH 
ENSMMUP00000005019 118.05 ENSMMUG00000003769 AXDND1 
ENSMMUP00000000813 101.09 ENSMMUG00000000605 AXIN1 
ENSMMUP00000037366 36.61 ENSMMUG00000031126 B3GAT3 
ENSMMUP00000001475 40.77 ENSMMUG00000001110 B3GNTL1 
ENSMMUP00000018266 114.42 ENSMMUG00000013894 B4GALNT3 
ENSMMUP00000024974 175.98 ENSMMUG00000018984 BAHCC1 
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ENSMMUP00000011067 89.40 ENSMMUG00000008441 BANK1 
ENSMMUP00000015606 22.66 ENSMMUG00000011892 BASP1 
ENSMMUP00000034109 48.99 ENSMMUG00000008839 BAT1 
ENSMMUP00000016741 27.91 ENSMMUG00000012744 BCAP31 
ENSMMUP00000031538 44.20 ENSMMUG00000010079 BCAT2 
ENSMMUP00000006415 43.72 ENSMMUG00000004829 BCKDHB 
ENSMMUP00000012059 78.88 ENSMMUG00000009198 BCL6 
ENSMMUP00000006996 185.94 ENSMMUG00000005292 BCOR 
ENSMMUP00000037625 47.47 ENSMMUG00000006740 BCS1L 
ENSMMUP00000002705 38.13 ENSMMUG00000002021 BDH1 
ENSMMUP00000015095 12.36 ENSMMUG00000011505 BET1L 
ENSMMUP00000016739 41.24 ENSMMUG00000012743 BGN 
ENSMMUP00000012271 525.48 ENSMMUG00000009367 BIRC6 
ENSMMUP00000022883 33.46 ENSMMUG00000017382 BLVRA 
ENSMMUP00000020467 20.15 ENSMMUG00000015603 BLVRB 
ENSMMUP00000001514 117.66 ENSMMUG00000001141 BNC2 
ENSMMUP00000029010 330.22 ENSMMUG00000022027 BOD1L1 
ENSMMUP00000011122 32.46 ENSMMUG00000008483 BPHL 
ENSMMUP00000034157 324.58 ENSMMUG00000009734 BPTF 
ENSMMUP00000013616 14.31 ENSMMUG00000010387 BRP44 
ENSMMUP00000018869 72.42 ENSMMUG00000014363 BSCL2 
ENSMMUP00000024655 41.73 ENSMMUG00000018740 BSG 
ENSMMUP00000019089 412.66 ENSMMUG00000014537 BSN 
ENSMMUP00000023593 11.09 ENSMMUG00000017948 BSPH1 
ENSMMUP00000008870 66.91 ENSMMUG00000006741 BTRC 
ENSMMUP00000004124 37.15 ENSMMUG00000003092 BUB3 
ENSMMUP00000029020 42.47 ENSMMUG00000022034 C11H12orf10 
ENSMMUP00000037636 43.71 ENSMMUG00000031218 C12H2orf62 
ENSMMUP00000025811 136.18 ENSMMUG00000019643 C12orf55 
ENSMMUP00000016800 27.53 ENSMMUG00000012788 C12orf60 
ENSMMUP00000028625 33.76 ENSMMUG00000021736 C12orf70 
ENSMMUP00000013807 20.62 ENSMMUG00000010534 C13H2orf51 
ENSMMUP00000011533 56.66 ENSMMUG00000008792 C14orf118 
ENSMMUP00000020832 26.62 ENSMMUG00000015844 C15H9orf135 
ENSMMUP00000027337 29.93 ENSMMUG00000020771 C15H9orf24 
ENSMMUP00000025258 35.69 ENSMMUG00000019220 C16H17orf101 
ENSMMUP00000017535 109.59 ENSMMUG00000013338 C16orf62 
ENSMMUP00000020894 22.78 ENSMMUG00000015891 C16ORF80 
ENSMMUP00000030815 87.35 ENSMMUG00000023406 C17orf28 
ENSMMUP00000031956 12.34 ENSMMUG00000028924 C19orf10 
ENSMMUP00000016454 21.19 ENSMMUG00000012535 C19orf59 
ENSMMUP00000000016 17.62 ENSMMUG00000000015 C1orf100 
ENSMMUP00000018498 80.84 ENSMMUG00000014075 C1orf222 
ENSMMUP00000025344 11.21 ENSMMUG00000019289 C1ORF227 
ENSMMUP00000013170 36.48 ENSMMUG00000010072 C1orf56 
ENSMMUP00000031174 278.77 ENSMMUG00000023674 C1ORF84 
ENSMMUP00000008669 31.51 ENSMMUG00000006592 C1QBP 
ENSMMUP00000001203 51.19 ENSMMUG00000000899 C20H16orf58 
ENSMMUP00000037413 141.02 ENSMMUG00000011429 C20orf26 
ENSMMUP00000014743 218.52 ENSMMUG00000010321 C2CD3 
ENSMMUP00000036657 226.09 ENSMMUG00000030890 C2orf16 
ENSMMUP00000035705 27.93 ENSMMUG00000005272 C3H21orf33 
ENSMMUP00000019403 99.69 ENSMMUG00000014780 C3orf20 
ENSMMUP00000024120 51.15 ENSMMUG00000018343 C4H6orf211 
ENSMMUP00000020991 15.47 ENSMMUG00000015958 C6H5orf48 
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ENSMMUP00000027838 34.26 ENSMMUG00000021143 C7H15orf26 
ENSMMUP00000007523 68.24 ENSMMUG00000005701 C7orf31 
ENSMMUP00000024206 62.89 ENSMMUG00000018402 C7ORF43 
ENSMMUP00000035442 23.69 ENSMMUG00000030395 C7ORF61 
ENSMMUP00000014309 17.87 ENSMMUG00000010907 C9H10orf82 
ENSMMUP00000006099 29.06 ENSMMUG00000004588 C9orf171 
ENSMMUP00000006687 96.54 ENSMMUG00000005046 C9orf172 
ENSMMUP00000016099 200.19 ENSMMUG00000012266 C9orf174 
ENSMMUP00000027857 19.26 ENSMMUG00000021158 C9orf9 
ENSMMUP00000018892 28.96 ENSMMUG00000014383 CA1 
ENSMMUP00000019548 29.27 ENSMMUG00000014891 CA2 
ENSMMUP00000010395 35.35 ENSMMUG00000007917 CA4 
ENSMMUP00000005816 51.84 ENSMMUG00000004346 CABYR 
ENSMMUP00000005818 41.11 ENSMMUG00000004346 CABYR 
ENSMMUP00000004736 237.19 ENSMMUG00000003555 CACNA1A 
ENSMMUP00000012043 250.72 ENSMMUG00000009187 CACNA1B 
ENSMMUP00000022706 262.91 ENSMMUG00000017256 CACNA1G 
ENSMMUP00000013443 245.60 ENSMMUG00000010269 CAD 
ENSMMUP00000028371 145.77 ENSMMUG00000021543 CADPS2 
ENSMMUP00000005869 48.11 ENSMMUG00000004392 CALR 
ENSMMUP00000016024 168.28 ENSMMUG00000012218 CAMSAP1L1 
ENSMMUP00000010884 136.38 ENSMMUG00000008300 CAND1 
ENSMMUP00000016246 67.60 ENSMMUG00000012370 CANX 
ENSMMUP00000012041 51.60 ENSMMUG00000009188 CAP1 
ENSMMUP00000017716 81.96 ENSMMUG00000013475 CAPN1 
ENSMMUP00000016912 77.06 ENSMMUG00000012876 CAPN11 
ENSMMUP00000002049 94.10 ENSMMUG00000001534 CAPN3 
ENSMMUP00000020564 31.41 ENSMMUG00000015668 CAPZA1 
ENSMMUP00000008923 32.95 ENSMMUG00000006784 CAPZA2 
ENSMMUP00000029193 35.04 ENSMMUG00000022176 CAPZA3 
ENSMMUP00000009051 30.26 ENSMMUG00000006894 CAPZB 
ENSMMUP00000028510 134.74 ENSMMUG00000021650 CARD11 
ENSMMUP00000016632 41.48 ENSMMUG00000012663 CARKD 
ENSMMUP00000016635 62.21 ENSMMUG00000012666 CARS2 
ENSMMUP00000020159 83.55 ENSMMUG00000015377 CASC1 
ENSMMUP00000001724 163.69 ENSMMUG00000001288 CASC5 
ENSMMUP00000029724 102.12 ENSMMUG00000022578 CASK 
ENSMMUP00000025272 147.08 ENSMMUG00000019226 CASKIN1 
ENSMMUP00000012034 222.78 ENSMMUG00000009182 CASP8AP2 
ENSMMUP00000034290 75.82 ENSMMUG00000002062 CAST 
ENSMMUP00000003264 59.94 ENSMMUG00000002429 CAT 
ENSMMUP00000018746 133.63 ENSMMUG00000014273 CATSPERG 
ENSMMUP00000027080 29.80 ENSMMUG00000020565 CBR1 
ENSMMUP00000033742 15.89 ENSMMUG00000029714 CBY3 
ENSMMUP00000010912 63.78 ENSMMUG00000008320 CC2D1A 
ENSMMUP00000011862 62.10 ENSMMUG00000009049 CCDC11 
ENSMMUP00000029578 93.56 ENSMMUG00000022484 CCDC129 
ENSMMUP00000023215 44.26 ENSMMUG00000017642 CCDC130 
ENSMMUP00000020600 94.08 ENSMMUG00000015692 CCDC135 
ENSMMUP00000012602 139.95 ENSMMUG00000009625 CCDC136 
ENSMMUP00000024441 91.37 ENSMMUG00000018581 CCDC144A 
ENSMMUP00000008812 99.85 ENSMMUG00000006696 CCDC146 
ENSMMUP00000027521 108.39 ENSMMUG00000020916 CCDC158 
ENSMMUP00000021987 141.66 ENSMMUG00000016731 CCDC171 
ENSMMUP00000014884 65.46 ENSMMUG00000011342 CCDC19 
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ENSMMUP00000011306 70.72 ENSMMUG00000008623 CCDC22 
ENSMMUP00000012536 107.28 ENSMMUG00000009588 CCDC40 
ENSMMUP00000022031 55.86 ENSMMUG00000016761 CCDC47 
ENSMMUP00000016842 86.12 ENSMMUG00000012818 CCDC57 
ENSMMUP00000009152 57.15 ENSMMUG00000006970 CCDC65 
ENSMMUP00000003791 50.50 ENSMMUG00000002836 CCDC71 
ENSMMUP00000027223 145.80 ENSMMUG00000020687 CCDC88C 
ENSMMUP00000026539 29.44 ENSMMUG00000020154 CCDC90B 
ENSMMUP00000020579 49.65 ENSMMUG00000015679 CCHCR1 
ENSMMUP00000039489 66.70 ENSMMUG00000010214 CCIN 
ENSMMUP00000014181 57.49 ENSMMUG00000010820 CCT2 
ENSMMUP00000038741 60.53 ENSMMUG00000019034 CCT3 
ENSMMUP00000004237 53.66 ENSMMUG00000013973 CCT4 
ENSMMUP00000026476 59.67 ENSMMUG00000020112 CCT5 
ENSMMUP00000020026 58.34 ENSMMUG00000015272 CCT6A 
ENSMMUP00000008442 44.86 ENSMMUG00000006399 CCT6B 
ENSMMUP00000016341 59.36 ENSMMUG00000012448 CCT7 
ENSMMUP00000004035 59.37 ENSMMUG00000003023 CCT8 
ENSMMUP00000015373 37.32 ENSMMUG00000011711 CD55 
ENSMMUP00000024471 92.53 ENSMMUG00000018599 CDC27 
ENSMMUP00000040537 21.26 ENSMMUG00000022009 CDC42 
ENSMMUP00000010993 197.33 ENSMMUG00000008638 CDC42BPA 
ENSMMUP00000018687 42.55 ENSMMUG00000014228 CDCA7 
ENSMMUP00000015550 91.49 ENSMMUG00000011850 CDH1 
ENSMMUP00000030613 215.50 ENSMMUG00000023255 CDK5RAP2 
ENSMMUP00000037355 46.49 ENSMMUG00000031124 CECR5 
ENSMMUP00000033450 45.41 ENSMMUG00000010687 CELF6 
ENSMMUP00000020161 196.32 ENSMMUG00000015375 CELSR2 
ENSMMUP00000025098 302.18 ENSMMUG00000019089 CENPE 
ENSMMUP00000020521 357.04 ENSMMUG00000015634 CENPF 
ENSMMUP00000019897 104.49 ENSMMUG00000015173 CEP104 
ENSMMUP00000012986 133.42 ENSMMUG00000009925 CEP135 
ENSMMUP00000012871 148.17 ENSMMUG00000009829 CEP152 
ENSMMUP00000003376 211.95 ENSMMUG00000002512 CEP192 
ENSMMUP00000009621 281.00 ENSMMUG00000007335 CEP250 
ENSMMUP00000020858 290.59 ENSMMUG00000015862 CEP290 
ENSMMUP00000002849 351.05 ENSMMUG00000002135 CEP350 
ENSMMUP00000012361 58.68 ENSMMUG00000007651 CES1 
ENSMMUP00000010049 64.76 ENSMMUG00000007649 CES5A 
ENSMMUP00000025002 16.83 ENSMMUG00000019016 CFL1 
ENSMMUP00000014766 168.51 ENSMMUG00000011269 CFTR 
ENSMMUP00000039436 26.12 ENSMMUG00000031842 CHCHD3 
ENSMMUP00000021977 26.25 ENSMMUG00000016719 CHCHD6 
ENSMMUP00000024592 217.84 ENSMMUG00000018685 CHD4 
ENSMMUP00000015218 336.09 ENSMMUG00000011584 CHD7 
ENSMMUP00000025315 65.28 ENSMMUG00000019266 CHDH 
ENSMMUP00000004830 44.93 ENSMMUG00000003618 CHID1 
ENSMMUP00000015506 90.50 ENSMMUG00000011819 CHSY1 
ENSMMUP00000004416 99.93 ENSMMUG00000003312 CHSY3 
ENSMMUP00000026062 12.20 ENSMMUG00000019823 CISD1 
ENSMMUP00000026115 231.54 ENSMMUG00000019861 CIT 
ENSMMUP00000008487 56.02 ENSMMUG00000006438 CKAP4 
ENSMMUP00000004848 202.35 ENSMMUG00000003631 CKAP5 
ENSMMUP00000024964 42.65 ENSMMUG00000018977 CKB 
ENSMMUP00000009845 168.93 ENSMMUG00000007499 CLASP1 
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ENSMMUP00000013496 102.88 ENSMMUG00000010306 CLCA4 
ENSMMUP00000000520 62.17 ENSMMUG00000000390 CLCC1 
ENSMMUP00000010287 102.96 ENSMMUG00000007829 CLCN6 
ENSMMUP00000020614 22.56 ENSMMUG00000029827 CLIC1 
ENSMMUP00000003244 28.76 ENSMMUG00000002416 CLIC4 
ENSMMUP00000000917 103.07 ENSMMUG00000000681 CLMN 
ENSMMUP00000007170 75.66 ENSMMUG00000005423 CLPB 
ENSMMUP00000006874 62.18 ENSMMUG00000005193 CLPTM1L 
ENSMMUP00000007183 189.91 ENSMMUG00000010509 CLTC 
ENSMMUP00000028339 52.25 ENSMMUG00000021516 CLU 
ENSMMUP00000027284 310.03 ENSMMUG00000020733 CMYA5 
ENSMMUP00000027904 79.41 ENSMMUG00000021187 CNGA3 
ENSMMUP00000021198 46.58 ENSMMUG00000016114 CNP 
ENSMMUP00000017456 20.68 ENSMMUG00000013271 CNPY2 
ENSMMUP00000016639 268.94 ENSMMUG00000012668 CNTRL 
ENSMMUP00000012941 62.47 ENSMMUG00000009886 COASY 
ENSMMUP00000000339 126.44 ENSMMUG00000000246 COBL 
ENSMMUP00000012158 62.74 ENSMMUG00000009280 COIL 
ENSMMUP00000003490 193.68 ENSMMUG00000002595 COL14A1 
ENSMMUP00000030805 158.10 ENSMMUG00000023398 COL16A1 
ENSMMUP00000017392 151.35 ENSMMUG00000015325 COL17A1 
ENSMMUP00000017406 147.88 ENSMMUG00000013235 COL4A3 
ENSMMUP00000018478 320.97 ENSMMUG00000014049 COL6A3 
ENSMMUP00000019291 287.26 ENSMMUG00000014699 COL7A1 
ENSMMUP00000022557 30.41 ENSMMUG00000017152 COMT 
ENSMMUP00000028777 139.75 ENSMMUG00000021854 COPA 
ENSMMUP00000021600 107.03 ENSMMUG00000016444 COPB1 
ENSMMUP00000004072 102.22 ENSMMUG00000003051 COPB2 
ENSMMUP00000030656 34.47 ENSMMUG00000023291 COPE 
ENSMMUP00000017291 91.27 ENSMMUG00000013163 COPG1 
ENSMMUP00000029369 46.27 ENSMMUG00000022312 COPS4 
ENSMMUP00000031381 25.56 ENSMMUG00000028686 COX2 
ENSMMUP00000008898 19.70 ENSMMUG00000006763 COX4I1 
ENSMMUP00000015328 12.52 ENSMMUG00000011677 COX5A 
ENSMMUP00000012731 13.79 ENSMMUG00000009730 COX5B 
ENSMMUP00000022035 10.32 ENSMMUG00000016765 COX6B1 
ENSMMUP00000031426 10.55 ENSMMUG00000003068 COX6B2 
ENSMMUP00000000226 8.63 ENSMMUG00000000165 COX6C 
ENSMMUP00000034813 49.12 ENSMMUG00000009494 CPA5 
ENSMMUP00000008309 60.12 ENSMMUG00000006308 CPNE3 
ENSMMUP00000002371 86.24 ENSMMUG00000001780 CPT1A 
ENSMMUP00000004173 87.16 ENSMMUG00000003121 CPT1B 
ENSMMUP00000009988 73.78 ENSMMUG00000007606 CPT2 
ENSMMUP00000026577 54.10 ENSMMUG00000020184 CPVL 
ENSMMUP00000015453 70.72 ENSMMUG00000011767 CRAT 
ENSMMUP00000039762 45.25 ENSMMUG00000018285 CRELD1 
ENSMMUP00000036900 31.35 ENSMMUG00000011278 CRELD2 
ENSMMUP00000005602 28.65 ENSMMUG00000004190 CRISP1 
ENSMMUP00000009591 228.10 ENSMMUG00000007315 CROCC 
ENSMMUP00000039909 35.24 ENSMMUG00000014593 CRYZ 
ENSMMUP00000025796 110.42 ENSMMUG00000019636 CSE1L 
ENSMMUP00000040439 388.67 ENSMMUG00000002741 CSMD2 
ENSMMUP00000009651 406.56 ENSMMUG00000007342 CSMD3 
ENSMMUP00000002346 38.92 ENSMMUG00000001758 CSNK1A1 
ENSMMUP00000037657 45.14 ENSMMUG00000031224 CSNK2A1 
404 
ENSMMUP00000020899 37.27 ENSMMUG00000015892 CSNK2A2 
ENSMMUP00000012060 15.86 ENSMMUG00000009200 CST3 
ENSMMUP00000014214 64.85 ENSMMUG00000010845 CSTF2T 
ENSMMUP00000027809 91.66 ENSMMUG00000021121 CTAGE5 
ENSMMUP00000023641 100.12 ENSMMUG00000017985 CTNNA1 
ENSMMUP00000019198 85.50 ENSMMUG00000014627 CTNNB1 
ENSMMUP00000016242 107.32 ENSMMUG00000012366 CTNND1 
ENSMMUP00000038017 55.75 ENSMMUG00000009960 CTSA 
ENSMMUP00000025247 37.75 ENSMMUG00000019212 CTSB 
ENSMMUP00000005169 44.73 ENSMMUG00000003874 CTSD 
ENSMMUP00000024277 70.20 ENSMMUG00000018455 CTTNBP2NL 
ENSMMUP00000037501 88.93 ENSMMUG00000022259 CUL3 
ENSMMUP00000002393 90.96 ENSMMUG00000001800 CUL5 
ENSMMUP00000030675 15.31 ENSMMUG00000013607 CYB5A 
ENSMMUP00000010708 26.67 ENSMMUG00000008179 CYB5D1 
ENSMMUP00000009243 34.11 ENSMMUG00000007047 CYB5R1 
ENSMMUP00000025974 31.47 ENSMMUG00000019755 CYB5R2 
ENSMMUP00000013336 34.17 ENSMMUG00000010198 CYB5R3 
ENSMMUP00000009366 35.25 ENSMMUG00000007149 CYC1 
ENSMMUP00000035167 11.74 ENSMMUG00000030295 CYCS 
ENSMMUP00000019940 38.45 ENSMMUG00000015205 CYLC2 
ENSMMUP00000036484 57.10 ENSMMUG00000012141 CYP26B1 
ENSMMUP00000027732 59.82 ENSMMUG00000010361 CYP4F3 
ENSMMUP00000025077 123.64 ENSMMUG00000019072 DAAM2 
ENSMMUP00000001123 12.50 ENSMMUG00000000830 DAD1 
ENSMMUP00000003624 42.81 ENSMMUG00000002692 DAK 
ENSMMUP00000022443 160.15 ENSMMUG00000017053 DAPK1 
ENSMMUP00000000155 11.27 ENSMMUG00000000116 DCD 
ENSMMUP00000020483 136.89 ENSMMUG00000015610 DCTN1 
ENSMMUP00000014805 44.70 ENSMMUG00000011292 DCTN2 
ENSMMUP00000013839 29.99 ENSMMUG00000010552 DCUN1D1 
ENSMMUP00000003622 123.92 ENSMMUG00000002691 DDB1 
ENSMMUP00000010720 40.76 ENSMMUG00000008185 DDO 
ENSMMUP00000011581 36.18 ENSMMUG00000008836 DDOST 
ENSMMUP00000012220 96.72 ENSMMUG00000009330 DDR2 
ENSMMUP00000010198 95.82 ENSMMUG00000007763 DDX24 
ENSMMUP00000034116 117.58 ENSMMUG00000012463 DDX46 
ENSMMUP00000012376 69.15 ENSMMUG00000009463 DDX5 
ENSMMUP00000002506 198.10 ENSMMUG00000001880 DDX60 
ENSMMUP00000008760 35.99 ENSMMUG00000006663 DECR1 
ENSMMUP00000011176 30.87 ENSMMUG00000008522 DECR2 
ENSMMUP00000037671 11.54 ENSMMUG00000031231 DEFB116 
ENSMMUP00000022736 20.23 ENSMMUG00000017283 DEFB129 
ENSMMUP00000017503 35.27 ENSMMUG00000013309 DERA 
ENSMMUP00000023442 32.14 ENSMMUG00000017830 DGUOK 
ENSMMUP00000015709 53.72 ENSMMUG00000011976 DHCR7 
ENSMMUP00000003418 38.18 ENSMMUG00000002540 DHRS7 
ENSMMUP00000012152 85.27 ENSMMUG00000009275 DHX34 
ENSMMUP00000023534 129.10 ENSMMUG00000017902 DHX37 
ENSMMUP00000015836 139.10 ENSMMUG00000012071 DHX8 
ENSMMUP00000007450 141.32 ENSMMUG00000005635 DHX9 
ENSMMUP00000028921 131.31 ENSMMUG00000021964 DIAPH1 
ENSMMUP00000017707 170.69 ENSMMUG00000002080 DIP2C 
ENSMMUP00000001068 109.40 ENSMMUG00000000787 DIS3 
ENSMMUP00000017235 86.99 ENSMMUG00000013119 DISC1 
405 
ENSMMUP00000036701 68.94 ENSMMUG00000017568 DLAT 
ENSMMUP00000008640 54.21 ENSMMUG00000006564 DLD 
ENSMMUP00000021791 102.60 ENSMMUG00000016585 DLG1 
ENSMMUP00000005696 48.92 ENSMMUG00000004260 DLST 
ENSMMUP00000025426 426.28 ENSMMUG00000019345 DMD 
ENSMMUP00000022331 485.81 ENSMMUG00000016974 DNAH1 
ENSMMUP00000012074 94.11 ENSMMUG00000009211 DNAH10 
ENSMMUP00000029903 522.30 ENSMMUG00000022764 DNAH11 
ENSMMUP00000010799 92.99 ENSMMUG00000008239 DNAH17 
ENSMMUP00000010694 510.27 ENSMMUG00000008166 DNAH2 
ENSMMUP00000022026 326.56 ENSMMUG00000016753 DNAH3 
ENSMMUP00000014437 529.79 ENSMMUG00000011026 DNAH5 
ENSMMUP00000025136 242.47 ENSMMUG00000019116 DNAH6 
ENSMMUP00000007434 461.30 ENSMMUG00000005622 DNAH7 
ENSMMUP00000030786 536.40 ENSMMUG00000023381 DNAH8 
ENSMMUP00000027346 77.76 ENSMMUG00000020777 DNAI1 
ENSMMUP00000027595 68.65 ENSMMUG00000020974 DNAI2 
ENSMMUP00000031119 27.37 ENSMMUG00000023638 DNAJB13 
ENSMMUP00000018907 91.14 ENSMMUG00000014394 DNAJC10 
ENSMMUP00000006228 54.37 ENSMMUG00000004686 DNAJC11 
ENSMMUP00000021055 254.36 ENSMMUG00000016005 DNAJC13 
ENSMMUP00000007698 57.64 ENSMMUG00000005841 DNAJC3 
ENSMMUP00000006520 21.52 ENSMMUG00000004910 DNAL1 
ENSMMUP00000011035 31.82 ENSMMUG00000008418 DNALI1 
ENSMMUP00000018041 97.48 ENSMMUG00000013717 DNM1 
ENSMMUP00000031306 175.39 ENSMMUG00000023765 DNMBP 
ENSMMUP00000019170 160.61 ENSMMUG00000014604 DNMT1 
ENSMMUP00000017844 102.05 ENSMMUG00000013565 DNMT3A 
ENSMMUP00000023570 53.43 ENSMMUG00000017929 DNPEP 
ENSMMUP00000005723 231.73 ENSMMUG00000004273 DOCK3 
ENSMMUP00000003872 224.78 ENSMMUG00000002894 DOCK4 
ENSMMUP00000003136 226.37 ENSMMUG00000002340 DOCK7 
ENSMMUP00000022238 24.22 ENSMMUG00000016914 DOK3 
ENSMMUP00000013542 258.90 ENSMMUG00000010336 DOPEY2 
ENSMMUP00000013215 175.20 ENSMMUG00000010107 DOT1L 
ENSMMUP00000021670 56.72 ENSMMUG00000029101 DPEP3 
ENSMMUP00000003704 33.36 ENSMMUG00000002759 DPM1 
ENSMMUP00000015347 99.93 ENSMMUG00000011690 DSC1 
ENSMMUP00000006846 194.15 ENSMMUG00000005174 DSCAM 
ENSMMUP00000010242 195.73 ENSMMUG00000007794 DSCAML1 
ENSMMUP00000029895 114.16 ENSMMUG00000022703 DSG1 
ENSMMUP00000027766 122.61 ENSMMUG00000021095 DSG2 
ENSMMUP00000019406 331.67 ENSMMUG00000014784 DSP 
ENSMMUP00000001071 857.55 ENSMMUG00000000777 DST 
ENSMMUP00000001079 352.75 ENSMMUG00000000777 DST 
ENSMMUP00000018130 18.38 ENSMMUG00000013786 DSTN 
ENSMMUP00000010555 23.94 ENSMMUG00000008049 DTYMK 
ENSMMUP00000011470 176.93 ENSMMUG00000008752 DUOX1 
ENSMMUP00000007635 531.13 ENSMMUG00000005780 DYNC1H1 
ENSMMUP00000017979 197.35 ENSMMUG00000018308 DYNC2H1 
ENSMMUP00000001597 10.37 ENSMMUG00000001194 DYNLL1 
ENSMMUP00000025567 9.85 ENSMMUG00000019454 DYNLT1 
ENSMMUP00000019584 27.11 ENSMMUG00000014927 ECH1 
ENSMMUP00000006560 31.35 ENSMMUG00000004951 ECHDC2 
ENSMMUP00000025280 33.06 ENSMMUG00000019237 ECI1 
406 
ENSMMUP00000034486 40.05 ENSMMUG00000014021 ECI2 
ENSMMUP00000008234 60.62 ENSMMUG00000006257 ECM1 
ENSMMUP00000020976 17.74 ENSMMUG00000001656 EDDM3B 
ENSMMUP00000007148 100.36 ENSMMUG00000005410 EDEM3 
ENSMMUP00000006451 50.14 ENSMMUG00000004852 EEF1A1 
ENSMMUP00000008675 50.09 ENSMMUG00000006598 EEF1G 
ENSMMUP00000029973 95.33 ENSMMUG00000022767 EEF2 
ENSMMUP00000015887 132.66 ENSMMUG00000012118 EFCAB5 
ENSMMUP00000007615 155.63 ENSMMUG00000005769 EFCAB6 
ENSMMUP00000023646 60.70 ENSMMUG00000017992 EFHA2 
ENSMMUP00000024787 91.24 ENSMMUG00000018836 EFHB 
ENSMMUP00000018038 73.91 ENSMMUG00000013716 EFHC1 
ENSMMUP00000021523 86.99 ENSMMUG00000016391 EFHC2 
ENSMMUP00000023780 38.01 ENSMMUG00000018095 EIF2S2 
ENSMMUP00000037067 42.76 ENSMMUG00000009026 EIF3M 
ENSMMUP00000017746 46.16 ENSMMUG00000013499 EIF4A1 
ENSMMUP00000004942 46.40 ENSMMUG00000003702 EIF4A2 
ENSMMUP00000012539 46.87 ENSMMUG00000009590 EIF4A3 
ENSMMUP00000008615 36.09 ENSMMUG00000006544 ELAVL1 
ENSMMUP00000009012 25.92 ENSMMUG00000006857 ELSPBP1 
ENSMMUP00000015367 89.45 ENSMMUG00000011706 EML1 
ENSMMUP00000021385 108.23 ENSMMUG00000016277 EML4 
ENSMMUP00000030227 47.16 ENSMMUG00000022947 ENO1 
ENSMMUP00000023055 92.10 ENSMMUG00000017515 EPB41L4B 
ENSMMUP00000000852 52.96 ENSMMUG00000005782 EPHX1 
ENSMMUP00000011432 170.47 ENSMMUG00000008722 EPRS 
ENSMMUP00000002759 107.59 ENSMMUG00000002063 ERAP1 
ENSMMUP00000017006 141.51 ENSMMUG00000012957 ERCC6L 
ENSMMUP00000013942 54.92 ENSMMUG00000010640 ERLEC1 
ENSMMUP00000001266 37.81 ENSMMUG00000000943 ERLIN2 
ENSMMUP00000018289 28.94 ENSMMUG00000013916 ERP29 
ENSMMUP00000014978 46.99 ENSMMUG00000011415 ERP44 
ENSMMUP00000005628 31.55 ENSMMUG00000004209 ESD 
ENSMMUP00000028945 122.66 ENSMMUG00000021979 ESYT1 
ENSMMUP00000014462 35.08 ENSMMUG00000011045 ETFA 
ENSMMUP00000031487 37.27 ENSMMUG00000023531 ETFB 
ENSMMUP00000006177 68.44 ENSMMUG00000004644 ETFDH 
ENSMMUP00000025310 28.03 ENSMMUG00000019264 ETHE1 
ENSMMUP00000024739 40.44 ENSMMUG00000018792 EXOG 
ENSMMUP00000025573 69.27 ENSMMUG00000019457 EZR 
ENSMMUP00000002675 32.55 ENSMMUG00000001996 F11R 
ENSMMUP00000003650 62.42 ENSMMUG00000002714 FAAH 
ENSMMUP00000014308 14.76 ENSMMUG00000010906 FABP4 
ENSMMUP00000000663 15.12 ENSMMUG00000000486 FABP5 
ENSMMUP00000011887 52.65 ENSMMUG00000009059 FAF2 
ENSMMUP00000000991 24.89 ENSMMUG00000000738 FAHD1 
ENSMMUP00000016892 34.31 ENSMMUG00000012859 FAHD2B 
ENSMMUP00000018341 70.77 ENSMMUG00000013955 FAM115C 
ENSMMUP00000024187 54.60 ENSMMUG00000018394 FAM154A 
ENSMMUP00000015956 36.49 ENSMMUG00000012162 FAM166A 
ENSMMUP00000003770 179.95 ENSMMUG00000002820 FAM208A 
ENSMMUP00000028673 24.97 ENSMMUG00000021773 FAM213A 
ENSMMUP00000003288 24.71 ENSMMUG00000002440 FAM3C 
ENSMMUP00000015666 19.23 ENSMMUG00000011947 FAM3D 
ENSMMUP00000009145 84.33 ENSMMUG00000011104 FAM47C 
407 
ENSMMUP00000014405 65.59 ENSMMUG00000010994 FAM71B 
ENSMMUP00000002902 27.40 ENSMMUG00000002178 FAM71C 
ENSMMUP00000032860 47.06 ENSMMUG00000029318 FAM71D 
ENSMMUP00000019910 40.87 ENSMMUG00000015181 FAM75D1 
ENSMMUP00000008307 35.97 ENSMMUG00000006307 FAM82B 
ENSMMUP00000020775 59.32 ENSMMUG00000015810 FAR2 
ENSMMUP00000016836 272.94 ENSMMUG00000012811 FASN 
ENSMMUP00000004661 479.34 ENSMMUG00000003497 FAT2 
ENSMMUP00000029923 33.56 ENSMMUG00000022725 FBL 
ENSMMUP00000005667 312.36 ENSMMUG00000004239 FBN1 
ENSMMUP00000029668 36.71 ENSMMUG00000022536 FBP1 
ENSMMUP00000020455 57.54 ENSMMUG00000028765 FBXO17 
ENSMMUP00000023005 72.31 ENSMMUG00000017479 FBXO21 
ENSMMUP00000007489 54.71 ENSMMUG00000005667 FH 
ENSMMUP00000010397 31.89 ENSMMUG00000007922 FHL1 
ENSMMUP00000009153 22.49 ENSMMUG00000006971 FKBP11 
ENSMMUP00000016995 15.59 ENSMMUG00000012945 FKBP2 
ENSMMUP00000016820 384.75 ENSMMUG00000012805 FLG2 
ENSMMUP00000000959 279.87 ENSMMUG00000013668 FLNA 
ENSMMUP00000000958 277.97 ENSMMUG00000000706 FLNB 
ENSMMUP00000008290 287.81 ENSMMUG00000006296 FLNC 
ENSMMUP00000010325 117.93 ENSMMUG00000007859 FMNL1 
ENSMMUP00000000651 48.12 ENSMMUG00000000476 FMO5 
ENSMMUP00000016182 259.10 ENSMMUG00000012321 FN1 
ENSMMUP00000004424 238.50 ENSMMUG00000003319 FREM3 
ENSMMUP00000000513 117.89 ENSMMUG00000000387 FRMD4B 
ENSMMUP00000007762 173.64 ENSMMUG00000005902 FRMPD1 
ENSMMUP00000013421 150.47 ENSMMUG00000010252 FRMPD4 
ENSMMUP00000015589 87.44 ENSMMUG00000011876 FSCB 
ENSMMUP00000020234 56.74 ENSMMUG00000015427 FSCN3 
ENSMMUP00000008025 112.52 ENSMMUG00000006108 FSIP2 
ENSMMUP00000023653 27.60 ENSMMUG00000018000 FTMT 
ENSMMUP00000015196 95.29 ENSMMUG00000011573 FTSJD2 
ENSMMUP00000003870 54.28 ENSMMUG00000004216 FUCA1 
ENSMMUP00000007100 53.88 ENSMMUG00000005366 FUCA2 
ENSMMUP00000020086 16.56 ENSMMUG00000015318 FUNDC2 
ENSMMUP00000022920 63.93 ENSMMUG00000017409 G6PD 
ENSMMUP00000012538 103.33 ENSMMUG00000009589 GAA 
ENSMMUP00000022713 77.09 ENSMMUG00000017261 GALC 
ENSMMUP00000014431 37.77 ENSMMUG00000008248 GALM 
ENSMMUP00000000620 64.22 ENSMMUG00000000457 GALNT1 
ENSMMUP00000025703 67.08 ENSMMUG00000019561 GALNT12 
ENSMMUP00000037372 106.94 ENSMMUG00000018117 GANAB 
ENSMMUP00000007714 35.98 ENSMMUG00000018679 GAPDH 
ENSMMUP00000001132 44.60 ENSMMUG00000000837 GAPDHS 
ENSMMUP00000003992 206.41 ENSMMUG00000002985 GBF1 
ENSMMUP00000020228 87.83 ENSMMUG00000015421 GCC1 
ENSMMUP00000030087 196.13 ENSMMUG00000022844 GCC2 
ENSMMUP00000031790 48.30 ENSMMUG00000007043 GCDH 
ENSMMUP00000012007 293.13 ENSMMUG00000009152 GCN1L1 
ENSMMUP00000017526 37.72 ENSMMUG00000013331 GDE1 
ENSMMUP00000017317 50.71 ENSMMUG00000013182 GDI2 
ENSMMUP00000038639 83.82 ENSMMUG00000004961 GFM1 
ENSMMUP00000011993 36.13 ENSMMUG00000009146 GGH 
ENSMMUP00000008449 57.39 ENSMMUG00000006407 GHDC 
408 
ENSMMUP00000035885 35.50 ENSMMUG00000018572 GHITM 
ENSMMUP00000029803 74.85 ENSMMUG00000022636 GIMAP8 
ENSMMUP00000022823 57.46 ENSMMUG00000017343 GK 
ENSMMUP00000025776 74.08 ENSMMUG00000019624 GLB1L 
ENSMMUP00000011282 34.65 ENSMMUG00000008602 GLB1L2 
ENSMMUP00000039220 114.55 ENSMMUG00000031755 GLDC 
ENSMMUP00000000318 138.07 ENSMMUG00000000226 GLG1 
ENSMMUP00000029053 117.69 ENSMMUG00000022058 GLI1 
ENSMMUP00000016124 27.12 ENSMMUG00000012289 GLIPR1L1 
ENSMMUP00000002187 20.71 ENSMMUG00000001638 GLO1 
ENSMMUP00000024249 37.48 ENSMMUG00000018429 GLRX3 
ENSMMUP00000022473 16.66 ENSMMUG00000017079 GLRX5 
ENSMMUP00000018235 24.49 ENSMMUG00000013875 GLTPD1 
ENSMMUP00000029068 61.85 ENSMMUG00000022075 GLUD1 
ENSMMUP00000030136 42.06 ENSMMUG00000022884 GLUL 
ENSMMUP00000032666 59.84 ENSMMUG00000009567 GLYR1 
ENSMMUP00000026481 40.45 ENSMMUG00000020116 GNAI2 
ENSMMUP00000007669 40.53 ENSMMUG00000005818 GNAI3 
ENSMMUP00000002526 37.38 ENSMMUG00000001896 GNB1 
ENSMMUP00000005451 21.62 ENSMMUG00000004080 GNB2 
ENSMMUP00000004809 33.39 ENSMMUG00000003604 GNB2L1 
ENSMMUP00000007650 77.41 ENSMMUG00000005801 GNPAT 
ENSMMUP00000012150 31.10 ENSMMUG00000009273 GNPDA2 
ENSMMUP00000038344 167.26 ENSMMUG00000031451 GOLGA3 
ENSMMUP00000028864 261.99 ENSMMUG00000021918 GOLGA4 
ENSMMUP00000017813 372.71 ENSMMUG00000013546 GOLGB1 
ENSMMUP00000002538 46.87 ENSMMUG00000001900 GOLM1 
ENSMMUP00000013070 243.60 ENSMMUG00000009987 GON4L 
ENSMMUP00000038168 47.02 ENSMMUG00000015203 GORASP2 
ENSMMUP00000013572 47.17 ENSMMUG00000010356 GOT1 
ENSMMUP00000007886 47.44 ENSMMUG00000006000 GOT2 
ENSMMUP00000016623 162.59 ENSMMUG00000012658 GPATCH8 
ENSMMUP00000025883 36.80 ENSMMUG00000019696 GPD1L 
ENSMMUP00000006506 80.83 ENSMMUG00000004897 GPD2 
ENSMMUP00000007737 63.15 ENSMMUG00000005880 GPI 
ENSMMUP00000030285 149.59 ENSMMUG00000023002 GPR116 
ENSMMUP00000027036 256.73 ENSMMUG00000020528 GPR179 
ENSMMUP00000041184 111.41 ENSMMUG00000020515 GPR64 
ENSMMUP00000024965 654.20 ENSMMUG00000018976 GPR98 
ENSMMUP00000032020 8.04 ENSMMUG00000028946 GPX4 
ENSMMUP00000021930 125.18 ENSMMUG00000016675 GRIN3A 
ENSMMUP00000017094 80.57 ENSMMUG00000013020 GSN 
ENSMMUP00000016585 30.86 ENSMMUG00000012628 GSTK1 
ENSMMUP00000010527 26.61 ENSMMUG00000008029 GSTM3 
ENSMMUP00000025789 25.76 ENSMMUG00000019630 GSTM4 
ENSMMUP00000020113 25.29 ENSMMUG00000015337 GSTO2 
ENSMMUP00000024380 27.77 ENSMMUG00000018530 GSTT2 
ENSMMUP00000001461 24.06 ENSMMUG00000001097 GSTZ1 
ENSMMUP00000023669 16.49 ENSMMUG00000018013 H2AFJ 
ENSMMUP00000008438 39.62 ENSMMUG00000014465 H2AFY 
ENSMMUP00000030606 42.23 ENSMMUG00000023254 HADH 
ENSMMUP00000005853 83.05 ENSMMUG00000004380 HADHA 
ENSMMUP00000005855 50.16 ENSMMUG00000004381 HADHB 
ENSMMUP00000000990 33.90 ENSMMUG00000000737 HAGH 
ENSMMUP00000041374 15.23 ENSMMUG00000032607 HBA2 
409 
ENSMMUP00000006468 16.11 ENSMMUG00000004867 HBB 
ENSMMUP00000030464 86.26 ENSMMUG00000023142 HCN3 
ENSMMUP00000019841 242.62 ENSMMUG00000015135 HEATR1 
ENSMMUP00000032999 112.02 ENSMMUG00000011779 HEATR5A 
ENSMMUP00000019309 185.34 ENSMMUG00000014716 HEATR7A 
ENSMMUP00000031900 147.04 ENSMMUG00000028901 HEATR7A 
ENSMMUP00000006344 180.65 ENSMMUG00000004774 HEATR7B2 
ENSMMUP00000021866 123.40 ENSMMUG00000016628 HELB 
ENSMMUP00000005845 495.52 ENSMMUG00000004370 HERC2 
ENSMMUP00000026294 62.90 ENSMMUG00000019997 HEXB 
ENSMMUP00000030452 35.37 ENSMMUG00000023134 HIBADH 
ENSMMUP00000009546 43.45 ENSMMUG00000007283 HIBCH 
ENSMMUP00000021458 17.22 ENSMMUG00000016337 HINT2 
ENSMMUP00000005744 20.39 ENSMMUG00000004291 HINT3 
ENSMMUP00000029042 22.33 ENSMMUG00000022050 HIST1H1D 
ENSMMUP00000003468 14.21 ENSMMUG00000031475 HIST1H2BA 
ENSMMUP00000003763 13.91 ENSMMUG00000029911 HIST1H2BO 
ENSMMUP00000040172 11.37 ENSMMUG00000032119 HIST1H4K 
ENSMMUP00000020072 102.09 ENSMMUG00000015302 HK1 
ENSMMUP00000005130 102.42 ENSMMUG00000003849 HKDC1 
ENSMMUP00000006782 41.38 ENSMMUG00000005119 HM13 
ENSMMUP00000013731 600.06 ENSMMUG00000010474 HMCN1 
ENSMMUP00000040437 22.82 ENSMMUG00000006238 HMGB4 
ENSMMUP00000025677 34.03 ENSMMUG00000019548 HMGCL 
ENSMMUP00000017059 29.39 ENSMMUG00000012989 HNRNPA1 
ENSMMUP00000004838 37.30 ENSMMUG00000003619 HNRNPA2B1 
ENSMMUP00000002473 38.06 ENSMMUG00000001858 HNRNPA3 
ENSMMUP00000024759 33.67 ENSMMUG00000014809 HNRNPC 
ENSMMUP00000018439 32.83 ENSMMUG00000014030 HNRNPD 
ENSMMUP00000012171 50.98 ENSMMUG00000018871 HNRNPK 
ENSMMUP00000006484 64.29 ENSMMUG00000004877 HNRNPL 
ENSMMUP00000024752 77.62 ENSMMUG00000018806 HNRNPM 
ENSMMUP00000027771 83.96 ENSMMUG00000021098 HNRNPU 
ENSMMUP00000010889 23.77 ENSMMUG00000008303 HPRT1 
ENSMMUP00000023607 91.21 ENSMMUG00000017958 HPS5 
ENSMMUP00000012180 27.10 ENSMMUG00000009296 HSD17B10 
ENSMMUP00000025031 32.97 ENSMMUG00000019041 HSD17B11 
ENSMMUP00000024289 34.63 ENSMMUG00000018465 HSD17B12 
ENSMMUP00000023268 79.27 ENSMMUG00000017685 HSD17B4 
ENSMMUP00000005152 26.97 ENSMMUG00000003861 HSD17B8 
ENSMMUP00000021766 42.19 ENSMMUG00000016568 HSD3B1 
ENSMMUP00000015299 45.38 ENSMMUG00000011654 HSDL2 
ENSMMUP00000029862 84.59 ENSMMUG00000022686 HSP90AB1 
ENSMMUP00000034047 69.58 ENSMMUG00000029821 HSPA1B 
ENSMMUP00000034051 70.37 ENSMMUG00000029822 HSPA1L 
ENSMMUP00000012300 94.38 ENSMMUG00000009396 HSPA4 
ENSMMUP00000019984 94.80 ENSMMUG00000015245 HSPA4L 
ENSMMUP00000006906 72.33 ENSMMUG00000005217 HSPA5 
ENSMMUP00000006240 70.90 ENSMMUG00000004696 HSPA8 
ENSMMUP00000007731 73.65 ENSMMUG00000005875 HSPA9 
ENSMMUP00000002782 35.89 ENSMMUG00000011073 HSPCA 
ENSMMUP00000016126 58.35 ENSMMUG00000011073 HSPCA 
ENSMMUP00000013745 61.21 ENSMMUG00000010489 HSPD1 
ENSMMUP00000019469 219.60 ENSMMUG00000014828 HSPG2 
ENSMMUP00000002848 46.32 ENSMMUG00000002136 HTRA2 
410 
ENSMMUP00000011008 347.10 ENSMMUG00000008392 HTT 
ENSMMUP00000008397 481.77 ENSMMUG00000006362 HUWE1 
ENSMMUP00000036656 111.20 ENSMMUG00000030891 HYOU1 
ENSMMUP00000010225 106.53 ENSMMUG00000007783 IARS2 
ENSMMUP00000014079 150.19 ENSMMUG00000010749 IBTK 
ENSMMUP00000021152 46.68 ENSMMUG00000016077 IDH1 
ENSMMUP00000019472 50.88 ENSMMUG00000014833 IDH2 
ENSMMUP00000033388 39.62 ENSMMUG00000011838 IDH3A 
ENSMMUP00000028090 42.25 ENSMMUG00000021328 IDH3B 
ENSMMUP00000004496 39.17 ENSMMUG00000003374 IDH3G 
ENSMMUP00000005986 87.88 ENSMMUG00000004490 IFI16 
ENSMMUP00000006760 197.31 ENSMMUG00000005096 IFT172 
ENSMMUP00000030325 72.43 ENSMMUG00000023032 IFT81 
ENSMMUP00000008123 53.04 ENSMMUG00000015202 IGHM 
ENSMMUP00000015164 141.76 ENSMMUG00000011555 IL16 
ENSMMUP00000010668 43.06 ENSMMUG00000008149 ILF2 
ENSMMUP00000019253 94.98 ENSMMUG00000014673 ILF3 
ENSMMUP00000010154 67.92 ENSMMUG00000007729 ILVBL 
ENSMMUP00000020799 61.16 ENSMMUG00000015824 IMMT 
ENSMMUP00000003532 30.27 ENSMMUG00000002628 IMPA1 
ENSMMUP00000019225 38.74 ENSMMUG00000014650 IMPAD1 
ENSMMUP00000016402 118.41 ENSMMUG00000012481 IPO4 
ENSMMUP00000017795 125.51 ENSMMUG00000013531 IPO5 
ENSMMUP00000029772 107.40 ENSMMUG00000023636 IPO7 
ENSMMUP00000006175 56.05 ENSMMUG00000004642 IPPK 
ENSMMUP00000030270 178.08 ENSMMUG00000022982 IQGAP2 
ENSMMUP00000025189 121.08 ENSMMUG00000019167 IRS4 
ENSMMUP00000004535 14.18 ENSMMUG00000003399 ISCA1 
ENSMMUP00000008642 17.03 ENSMMUG00000006566 ISCA2 
ENSMMUP00000022531 17.91 ENSMMUG00000017126 ISCU 
ENSMMUP00000016681 24.05 ENSMMUG00000012704 ISOC2 
ENSMMUP00000003172 126.64 ENSMMUG00000002370 ITGA6 
ENSMMUP00000038026 121.43 ENSMMUG00000019462 ITGAV 
ENSMMUP00000010359 30.34 ENSMMUG00000007888 ITM2B 
ENSMMUP00000016509 314.30 ENSMMUG00000012574 ITPR1 
ENSMMUP00000040070 308.33 ENSMMUG00000023128 ITPR2 
ENSMMUP00000018989 46.17 ENSMMUG00000014462 IVD 
ENSMMUP00000020543 24.51 ENSMMUG00000015660 IZUMO4 
ENSMMUP00000014406 99.84 ENSMMUG00000010996 JAK3 
ENSMMUP00000020142 113.88 ENSMMUG00000015362 JARID2 
ENSMMUP00000017141 81.78 ENSMMUG00000013048 JUP 
ENSMMUP00000007598 67.93 ENSMMUG00000005754 KARS 
ENSMMUP00000035860 230.75 ENSMMUG00000023488 KAT6B 
ENSMMUP00000004204 44.86 ENSMMUG00000003144 KCNJ1 
ENSMMUP00000028316 142.56 ENSMMUG00000021496 KCNT1 
ENSMMUP00000028400 148.23 ENSMMUG00000021564 KDM2B 
ENSMMUP00000017247 148.14 ENSMMUG00000013124 KDM3A 
ENSMMUP00000000618 192.10 ENSMMUG00000000455 KDM3B 
ENSMMUP00000027068 158.68 ENSMMUG00000020553 KDM5C 
ENSMMUP00000007399 66.07 ENSMMUG00000005597 KHSRP 
ENSMMUP00000008807 111.82 ENSMMUG00000006688 KIAA0090 
ENSMMUP00000030825 253.55 ENSMMUG00000023412 KIAA0100 
ENSMMUP00000021434 143.74 ENSMMUG00000016315 KIAA0368 
ENSMMUP00000020694 176.71 ENSMMUG00000015761 KIAA0802 
ENSMMUP00000033367 139.68 ENSMMUG00000021072 KIAA1009 
411 
ENSMMUP00000026186 232.86 ENSMMUG00000019927 KIAA1244 
ENSMMUP00000017043 202.03 ENSMMUG00000012981 KIAA1429 
ENSMMUP00000028393 148.05 ENSMMUG00000021559 KIAA1462 
ENSMMUP00000031905 123.08 ENSMMUG00000009540 KIAA1543 
ENSMMUP00000031034 194.62 ENSMMUG00000023575 KIAA1551 
ENSMMUP00000024446 119.14 ENSMMUG00000018582 KIAA1586 
ENSMMUP00000021476 125.30 ENSMMUG00000016354 KIAA1683 
ENSMMUP00000016372 67.27 ENSMMUG00000012469 KIAA2013 
ENSMMUP00000014062 198.93 ENSMMUG00000010731 KIF13A 
ENSMMUP00000012640 146.35 ENSMMUG00000009658 KIF16B 
ENSMMUP00000023966 149.40 ENSMMUG00000018226 KIF27 
ENSMMUP00000015040 139.43 ENSMMUG00000011463 KIF4B 
ENSMMUP00000014813 109.89 ENSMMUG00000015058 KIF5B 
ENSMMUP00000009819 73.86 ENSMMUG00000007477 KIFC1 
ENSMMUP00000008941 65.88 ENSMMUG00000006803 KLC1 
ENSMMUP00000037579 65.51 ENSMMUG00000022520 KLC2 
ENSMMUP00000001035 43.12 ENSMMUG00000000766 KLHDC3 
ENSMMUP00000007840 61.61 ENSMMUG00000005961 KLHL10 
ENSMMUP00000009912 250.69 ENSMMUG00000007556 KNTC1 
ENSMMUP00000025988 81.37 ENSMMUG00000019760 KPNB1 
ENSMMUP00000002623 64.27 ENSMMUG00000001965 KPRP 
ENSMMUP00000022305 65.21 ENSMMUG00000016962 KRT1 
ENSMMUP00000001994 57.17 ENSMMUG00000001500 KRT10 
ENSMMUP00000012953 51.55 ENSMMUG00000009893 KRT16 
ENSMMUP00000034503 51.88 ENSMMUG00000009893 KRT16 
ENSMMUP00000012954 48.04 ENSMMUG00000009895 KRT17 
ENSMMUP00000023022 48.06 ENSMMUG00000031911 KRT18 
ENSMMUP00000003083 65.50 ENSMMUG00000002305 KRT2 
ENSMMUP00000031061 53.83 ENSMMUG00000023592 KRT24 
ENSMMUP00000001987 49.15 ENSMMUG00000001492 KRT25 
ENSMMUP00000019638 63.53 ENSMMUG00000014982 KRT3 
ENSMMUP00000014091 47.21 ENSMMUG00000010756 KRT31 
ENSMMUP00000024525 50.56 ENSMMUG00000018644 KRT32 
ENSMMUP00000014089 49.52 ENSMMUG00000010757 KRT34 
ENSMMUP00000019643 56.09 ENSMMUG00000014984 KRT4 
ENSMMUP00000003320 62.61 ENSMMUG00000002468 KRT5 
ENSMMUP00000018916 57.28 ENSMMUG00000014400 KRT71 
ENSMMUP00000019637 65.87 ENSMMUG00000014980 KRT76 
ENSMMUP00000002883 53.66 ENSMMUG00000002163 KRT8 
ENSMMUP00000023954 55.18 ENSMMUG00000031925 KRT83 
ENSMMUP00000023957 64.75 ENSMMUG00000018217 KRT84 
ENSMMUP00000023956 55.82 ENSMMUG00000018216 KRT85 
ENSMMUP00000011205 62.34 ENSMMUG00000008543 KRT9 
ENSMMUP00000009796 44.48 ENSMMUG00000007468 L2HGDH 
ENSMMUP00000021414 71.05 ENSMMUG00000016302 L3MBTL4 
ENSMMUP00000004719 60.63 ENSMMUG00000003544 LACTB 
ENSMMUP00000029154 340.41 ENSMMUG00000022136 LAMA2 
ENSMMUP00000018124 202.69 ENSMMUG00000013782 LAMA4 
ENSMMUP00000022254 124.16 ENSMMUG00000016925 LAMB3 
ENSMMUP00000012814 44.59 ENSMMUG00000009790 LAMP1 
ENSMMUP00000001976 45.05 ENSMMUG00000001484 LAMP2 
ENSMMUP00000013789 45.27 ENSMMUG00000010520 LANCL1 
ENSMMUP00000007569 56.21 ENSMMUG00000005732 LAP3 
ENSMMUP00000040231 30.02 ENSMMUG00000021428 LCN12 
ENSMMUP00000031347 22.76 ENSMMUG00000023801 LCN2 
412 
ENSMMUP00000036329 70.31 ENSMMUG00000017033 LCP1 
ENSMMUP00000037015 36.63 ENSMMUG00000031024 LDHA 
ENSMMUP00000016981 42.00 ENSMMUG00000012934 LDHAL6B 
ENSMMUP00000003608 36.64 ENSMMUG00000002679 LDHB 
ENSMMUP00000037017 36.33 ENSMMUG00000014615 LDHC 
ENSMMUP00000022204 99.89 ENSMMUG00000016892 LEMD3 
ENSMMUP00000026229 82.72 ENSMMUG00000019948 LETM1 
ENSMMUP00000029570 44.53 ENSMMUG00000022476 LETM2 
ENSMMUP00000016351 43.42 ENSMMUG00000012453 LETMD1 
ENSMMUP00000004746 26.09 ENSMMUG00000003565 LGALS3 
ENSMMUP00000025835 65.19 ENSMMUG00000019662 LGALS3BP 
ENSMMUP00000010261 153.21 ENSMMUG00000007805 LIMCH1 
ENSMMUP00000018998 26.78 ENSMMUG00000014470 LIN28B 
ENSMMUP00000023553 114.98 ENSMMUG00000017916 LIPE 
ENSMMUP00000017195 25.16 ENSMMUG00000013094 LIPT2 
ENSMMUP00000009951 57.36 ENSMMUG00000007580 LMAN1 
ENSMMUP00000021277 28.68 ENSMMUG00000016192 LMAN2 
ENSMMUP00000036859 77.73 ENSMMUG00000030970 LMF2 
ENSMMUP00000021173 74.07 ENSMMUG00000016096 LMNA 
ENSMMUP00000001116 66.45 ENSMMUG00000000823 LMNB1 
ENSMMUP00000001595 57.65 ENSMMUG00000001192 LMNB2 
ENSMMUP00000001748 182.20 ENSMMUG00000001312 LMO7 
ENSMMUP00000024398 117.29 ENSMMUG00000018542 LNPEP 
ENSMMUP00000014683 15.28 ENSMMUG00000011204 LOC100429989 
ENSMMUP00000018553 16.00 ENSMMUG00000014120 LOC574167 
ENSMMUP00000026983 21.49 ENSMMUG00000020488 LOC694140 
ENSMMUP00000039561 51.52 ENSMMUG00000003425 LOC695041 
ENSMMUP00000034647 43.95 ENSMMUG00000030066 LOC6965539 
ENSMMUP00000038157 19.91 ENSMMUG00000000079 LOC697817 
ENSMMUP00000022990 16.84 ENSMMUG00000017466 LOC698552 
ENSMMUP00000004280 11.70 ENSMMUG00000032421 LOC700019 
ENSMMUP00000011552 21.54 ENSMMUG00000008810 LOC703201 
ENSMMUP00000020093 124.93 ENSMMUG00000015322 LOC703670 
ENSMMUP00000038427 23.35 ENSMMUG00000013925 LOC704634 
ENSMMUP00000017010 16.68 ENSMMUG00000012962 LOC706455 
ENSMMUP00000035895 35.54 ENSMMUG00000030576 LOC707004 
ENSMMUP00000036597 65.93 ENSMMUG00000030864 LOC707109 
ENSMMUP00000024535 44.05 ENSMMUG00000018653 LOC707129 
ENSMMUP00000006702 26.89 ENSMMUG00000005057 LOC707898 
ENSMMUP00000003339 51.70 ENSMMUG00000002483 LOC709604 
ENSMMUP00000030221 10.96 ENSMMUG00000032033 LOC711695 
ENSMMUP00000038608 328.01 ENSMMUG00000007126 LOC711721 
ENSMMUP00000034206 15.33 ENSMMUG00000029868 LOC711915 
ENSMMUP00000036965 180.72 ENSMMUG00000007290 LOC712231 
ENSMMUP00000032789 81.94 ENSMMUG00000029297 LOC713573 
ENSMMUP00000037544 50.25 ENSMMUG00000014216 LOC715011 
ENSMMUP00000000942 98.05 ENSMMUG00000000703 LOC715292 
ENSMMUP00000023964 21.17 ENSMMUG00000018224 LOC718882 
ENSMMUP00000035255 14.81 ENSMMUG00000030331 LOC719914 
ENSMMUP00000027255 99.38 ENSMMUG00000020707 LONP1 
ENSMMUP00000028683 476.36 ENSMMUG00000021782 LRP1 
ENSMMUP00000012945 515.39 ENSMMUG00000009885 LRP1B 
ENSMMUP00000022551 517.07 ENSMMUG00000017143 LRP2 
ENSMMUP00000037689 110.38 ENSMMUG00000031237 LRP5 
ENSMMUP00000026087 158.31 ENSMMUG00000019841 LRPPRC 
413 
ENSMMUP00000014470 59.26 ENSMMUG00000011049 LRRC1 
ENSMMUP00000003464 133.76 ENSMMUG00000002573 LRRC16A 
ENSMMUP00000020459 32.37 ENSMMUG00000015595 LRRC24 
ENSMMUP00000028813 49.84 ENSMMUG00000021879 LRRC34 
ENSMMUP00000008406 110.61 ENSMMUG00000006370 LRRCC1 
ENSMMUP00000029398 83.16 ENSMMUG00000022329 LSS 
ENSMMUP00000022354 38.42 ENSMMUG00000016995 LUM 
ENSMMUP00000027272 198.49 ENSMMUG00000020721 LY75 
ENSMMUP00000017635 26.72 ENSMMUG00000013425 LYPD4 
ENSMMUP00000017285 24.72 ENSMMUG00000013157 LYPLA1 
ENSMMUP00000023139 16.34 ENSMMUG00000017576 LYZL4 
ENSMMUP00000012513 338.04 ENSMMUG00000009562 MACF1 
ENSMMUP00000000654 35.52 ENSMMUG00000000479 MACROD1 
ENSMMUP00000015306 79.82 ENSMMUG00000011659 MAD1L1 
ENSMMUP00000018926 38.19 ENSMMUG00000014407 MAGT1 
ENSMMUP00000034225 40.86 ENSMMUG00000029875 MAMU-A 
ENSMMUP00000010539 79.65 ENSMMUG00000008036 MAN1B1 
ENSMMUP00000022170 112.58 ENSMMUG00000016863 MAN2B1 
ENSMMUP00000012157 115.84 ENSMMUG00000009279 MAN2C1 
ENSMMUP00000005726 21.01 ENSMMUG00000004278 MANF 
ENSMMUP00000025612 40.79 ENSMMUG00000019489 MAOA 
ENSMMUP00000024666 198.37 ENSMMUG00000018741 MAP2 
ENSMMUP00000008076 168.57 ENSMMUG00000006143 MAP3K4 
ENSMMUP00000002887 95.18 ENSMMUG00000002168 MARCH10 
ENSMMUP00000006403 31.23 ENSMMUG00000004816 MARCH5 
ENSMMUP00000004858 84.45 ENSMMUG00000003641 MARK3 
ENSMMUP00000020176 196.10 ENSMMUG00000015371 MAST2 
ENSMMUP00000013840 80.40 ENSMMUG00000010553 MCCC1 
ENSMMUP00000019905 61.68 ENSMMUG00000015175 MCCC2 
ENSMMUP00000008104 31.71 ENSMMUG00000006163 MDH1 
ENSMMUP00000012976 33.23 ENSMMUG00000009917 MDH2 
ENSMMUP00000004613 460.08 ENSMMUG00000003464 MDN1 
ENSMMUP00000028977 59.10 ENSMMUG00000022001 ME2 
ENSMMUP00000020542 40.47 ENSMMUG00000015659 MECR 
ENSMMUP00000023404 244.34 ENSMMUG00000017797 MED12 
ENSMMUP00000023096 155.52 ENSMMUG00000017544 MED23 
ENSMMUP00000004415 36.83 ENSMMUG00000003311 MEP50 
ENSMMUP00000012314 16.60 ENSMMUG00000009409 MESDC2 
ENSMMUP00000017373 27.74 ENSMMUG00000013225 METTL7B 
ENSMMUP00000003156 17.71 ENSMMUG00000002359 MGST1 
ENSMMUP00000020982 16.49 ENSMMUG00000015948 MGST3 
ENSMMUP00000001368 212.77 ENSMMUG00000001021 MIA3 
ENSMMUP00000013391 110.15 ENSMMUG00000010227 MIB1 
ENSMMUP00000030565 117.70 ENSMMUG00000023221 MICAL1 
ENSMMUP00000009114 80.58 ENSMMUG00000006942 MIPEP 
ENSMMUP00000000258 32.14 ENSMMUG00000000183 MLEC 
ENSMMUP00000006575 33.68 ENSMMUG00000004958 MLF1 
ENSMMUP00000007251 418.83 ENSMMUG00000005482 MLL 
ENSMMUP00000009467 389.07 ENSMMUG00000007212 MLL3 
ENSMMUP00000027695 201.41 ENSMMUG00000021044 MLLT4 
ENSMMUP00000008763 85.47 ENSMMUG00000006662 MME 
ENSMMUP00000016261 69.63 ENSMMUG00000012381 MMEL1 
ENSMMUP00000015549 91.14 ENSMMUG00000011851 MMRN2 
ENSMMUP00000000566 35.81 ENSMMUG00000000420 MMU.16992 
ENSMMUP00000003668 92.12 ENSMMUG00000002726 MOGS 
414 
ENSMMUP00000001286 190.36 ENSMMUG00000000956 MON2 
ENSMMUP00000005502 80.29 ENSMMUG00000004112 MRE11A 
ENSMMUP00000011642 19.47 ENSMMUG00000008876 MRPL11 
ENSMMUP00000003494 20.63 ENSMMUG00000002599 MRPL13 
ENSMMUP00000013238 23.13 ENSMMUG00000010124 MRPL21 
ENSMMUP00000009053 11.57 ENSMMUG00000006895 MRPS36 
ENSMMUP00000037288 96.53 ENSMMUG00000004821 MS4A7 
ENSMMUP00000028940 41.57 ENSMMUG00000021976 MTCH1 
ENSMMUP00000026002 105.80 ENSMMUG00000019774 MTHFD1L 
ENSMMUP00000009513 75.79 ENSMMUG00000007246 MTMR11 
ENSMMUP00000025391 289.16 ENSMMUG00000019325 MTOR 
ENSMMUP00000011149 51.32 ENSMMUG00000008506 MTX1 
ENSMMUP00000013319 29.69 ENSMMUG00000010185 MTX2 
ENSMMUP00000003310 83.10 ENSMMUG00000002458 MUT 
ENSMMUP00000010807 315.88 ENSMMUG00000008247 MXRA5 
ENSMMUP00000028267 510.62 ENSMMUG00000021459 MYCBP2 
ENSMMUP00000008019 222.54 ENSMMUG00000010367 MYH11 
ENSMMUP00000001915 203.32 ENSMMUG00000001427 MYH14 
ENSMMUP00000026270 223.27 ENSMMUG00000019977 MYH15 
ENSMMUP00000019382 222.17 ENSMMUG00000014762 MYH7 
ENSMMUP00000008018 214.47 ENSMMUG00000006101 MYH9 
ENSMMUP00000039421 16.93 ENSMMUG00000031838 MYL6B 
ENSMMUP00000024122 395.85 ENSMMUG00000018344 MYO15A 
ENSMMUP00000013005 233.37 ENSMMUG00000009938 MYO18A 
ENSMMUP00000004443 285.15 ENSMMUG00000003334 MYO18B 
ENSMMUP00000019272 115.19 ENSMMUG00000014689 MYO1D 
ENSMMUP00000016980 126.78 ENSMMUG00000012933 MYO1E 
ENSMMUP00000016040 187.35 ENSMMUG00000012229 MYO3A 
ENSMMUP00000009865 212.01 ENSMMUG00000007509 MYO5A 
ENSMMUP00000004057 212.83 ENSMMUG00000003041 MYO5B 
ENSMMUP00000033398 144.85 ENSMMUG00000005032 MYO6 
ENSMMUP00000023926 239.62 ENSMMUG00000018178 MYO7A 
ENSMMUP00000008998 232.17 ENSMMUG00000006841 MYOF 
ENSMMUP00000015710 78.56 ENSMMUG00000011977 NADSYN1 
ENSMMUP00000000004 40.71 ENSMMUG00000000005 NAGA 
ENSMMUP00000002797 37.30 ENSMMUG00000002096 NAGK 
ENSMMUP00000012278 74.52 ENSMMUG00000009376 NAGLU 
ENSMMUP00000031552 33.23 ENSMMUG00000014727 NAPA 
ENSMMUP00000022282 268.09 ENSMMUG00000016942 NAV2 
ENSMMUP00000028092 246.58 ENSMMUG00000021329 NAV3 
ENSMMUP00000030850 268.68 ENSMMUG00000023434 NBAS 
ENSMMUP00000024579 157.16 ENSMMUG00000018677 NCAPD2 
ENSMMUP00000009305 169.12 ENSMMUG00000007102 NCAPD3 
ENSMMUP00000022420 62.72 ENSMMUG00000017036 NCLN 
ENSMMUP00000038418 274.92 ENSMMUG00000023107 NCOR2 
ENSMMUP00000028781 78.46 ENSMMUG00000021856 NCSTN 
ENSMMUP00000031384 35.56 ENSMMUG00000028699 ND1 
ENSMMUP00000013350 42.84 ENSMMUG00000010200 NDRG1 
ENSMMUP00000010745 40.78 ENSMMUG00000008201 NDRG3 
ENSMMUP00000013608 48.83 ENSMMUG00000010382 NDUFA10 
ENSMMUP00000021914 14.63 ENSMMUG00000016665 NDUFA11 
ENSMMUP00000024862 17.10 ENSMMUG00000018897 NDUFA12 
ENSMMUP00000014898 26.05 ENSMMUG00000011350 NDUFA13 
ENSMMUP00000017157 15.11 ENSMMUG00000013060 NDUFA6 
ENSMMUP00000021948 13.05 ENSMMUG00000016697 NDUFA7 
415 
ENSMMUP00000015020 20.11 ENSMMUG00000011450 NDUFA8 
ENSMMUP00000007475 20.39 ENSMMUG00000005654 NDUFAF3 
ENSMMUP00000032727 15.66 ENSMMUG00000029268 NDUFB10 
ENSMMUP00000022935 24.85 ENSMMUG00000017422 NDUFB11 
ENSMMUP00000016033 11.39 ENSMMUG00000012225 NDUFB3 
ENSMMUP00000002127 14.91 ENSMMUG00000001592 NDUFB4 
ENSMMUP00000008725 21.74 ENSMMUG00000006636 NDUFB8 
ENSMMUP00000020318 21.77 ENSMMUG00000015493 NDUFB9 
ENSMMUP00000022071 80.37 ENSMMUG00000016788 NDUFS1 
ENSMMUP00000023834 52.57 ENSMMUG00000004520 NDUFS2 
ENSMMUP00000006462 19.91 ENSMMUG00000004861 NDUFS4 
ENSMMUP00000035737 12.65 ENSMMUG00000030508 NDUFS5 
ENSMMUP00000005926 13.76 ENSMMUG00000004447 NDUFS6 
ENSMMUP00000004063 23.40 ENSMMUG00000003045 NDUFS7 
ENSMMUP00000030525 23.69 ENSMMUG00000023189 NDUFS8 
ENSMMUP00000024372 50.67 ENSMMUG00000018526 NDUFV1 
ENSMMUP00000029092 27.39 ENSMMUG00000022095 NDUFV2 
ENSMMUP00000002070 44.46 ENSMMUG00000001553 NDUFV3 
ENSMMUP00000011307 704.03 ENSMMUG00000008615 NEB 
ENSMMUP00000000856 103.12 ENSMMUG00000000639 NEFM 
ENSMMUP00000009704 67.27 ENSMMUG00000007394 NEIL3 
ENSMMUP00000008965 318.20 ENSMMUG00000008605 NF1 
ENSMMUP00000013509 71.84 ENSMMUG00000010311 NF2 
ENSMMUP00000023997 165.54 ENSMMUG00000018255 NFAT5 
ENSMMUP00000003997 92.53 ENSMMUG00000002990 NFKB2 
ENSMMUP00000014363 50.14 ENSMMUG00000010951 NFS1 
ENSMMUP00000016935 160.66 ENSMMUG00000012894 NHS 
ENSMMUP00000018983 38.79 ENSMMUG00000006639 NIF3L1 
ENSMMUP00000029176 316.12 ENSMMUG00000022154 NIPBL 
ENSMMUP00000004269 28.31 ENSMMUG00000003197 NIPSNAP3A 
ENSMMUP00000002688 35.84 ENSMMUG00000002009 NIT1 
ENSMMUP00000026329 30.64 ENSMMUG00000020024 NIT2 
ENSMMUP00000031437 111.03 ENSMMUG00000003115 NLRP2 
ENSMMUP00000015982 107.21 ENSMMUG00000012189 NLRX1 
ENSMMUP00000002591 30.14 ENSMMUG00000001940 NME1 
ENSMMUP00000005145 17.57 ENSMMUG00000003857 NME3 
ENSMMUP00000000824 20.73 ENSMMUG00000000612 NME4 
ENSMMUP00000027750 38.09 ENSMMUG00000021079 NME7 
ENSMMUP00000013295 67.11 ENSMMUG00000010167 NME8 
ENSMMUP00000032684 33.14 ENSMMUG00000020540 NMRAL1 
ENSMMUP00000015392 116.56 ENSMMUG00000011734 NNT 
ENSMMUP00000006159 132.15 ENSMMUG00000004629 NOL8 
ENSMMUP00000026021 134.11 ENSMMUG00000005919 NOMO1 
ENSMMUP00000000784 59.67 ENSMMUG00000000582 NOP5/NOP58 
ENSMMUP00000022401 270.67 ENSMMUG00000017022 NOTCH1 
ENSMMUP00000005563 153.39 ENSMMUG00000004157 NPAT 
ENSMMUP00000028303 142.02 ENSMMUG00000021484 NPC1 
ENSMMUP00000008638 16.57 ENSMMUG00000006563 NPC2 
ENSMMUP00000007725 93.89 ENSMMUG00000005869 NPEPPS 
ENSMMUP00000028667 87.30 ENSMMUG00000021772 NPHP3 
ENSMMUP00000001617 197.26 ENSMMUG00000001208 NRAP 
ENSMMUP00000006307 125.06 ENSMMUG00000004738 NRD1 
ENSMMUP00000018193 169.63 ENSMMUG00000013842 NRXN3 
ENSMMUP00000017308 41.77 ENSMMUG00000013176 NSDHL 
ENSMMUP00000007332 81.90 ENSMMUG00000005548 NSF 
416 
ENSMMUP00000021036 37.34 ENSMMUG00000015994 NSFL1C 
ENSMMUP00000007756 50.17 ENSMMUG00000005895 NUCB2 
ENSMMUP00000009616 238.96 ENSMMUG00000007330 NUMA1 
ENSMMUP00000000943 83.49 ENSMMUG00000000704 NUP155 
ENSMMUP00000014247 132.97 ENSMMUG00000010869 NUP160 
ENSMMUP00000015434 144.69 ENSMMUG00000011757 NUP188 
ENSMMUP00000021515 228.04 ENSMMUG00000016384 NUP205 
ENSMMUP00000021017 205.24 ENSMMUG00000015979 NUP210 
ENSMMUP00000019615 176.03 ENSMMUG00000014952 NUP210L 
ENSMMUP00000028616 216.23 ENSMMUG00000021724 NUP214 
ENSMMUP00000031516 65.28 ENSMMUG00000011627 NUP62 
ENSMMUP00000013742 48.46 ENSMMUG00000010485 OAT 
ENSMMUP00000022201 723.31 ENSMMUG00000023096 OBSCN 
ENSMMUP00000019512 27.56 ENSMMUG00000014868 OCIAD1 
ENSMMUP00000026911 51.24 ENSMMUG00000020441 ODC1 
ENSMMUP00000002808 28.67 ENSMMUG00000002108 ODF1 
ENSMMUP00000019534 95.42 ENSMMUG00000005987 ODF2 
ENSMMUP00000015094 27.92 ENSMMUG00000011502 ODF3 
ENSMMUP00000011966 239.42 ENSMMUG00000009116 ODZ2 
ENSMMUP00000009498 120.09 ENSMMUG00000007240 ODZ3 
ENSMMUP00000025511 117.02 ENSMMUG00000019410 OFD1 
ENSMMUP00000003569 115.89 ENSMMUG00000002651 OGDH 
ENSMMUP00000012799 117.74 ENSMMUG00000009765 OPA1 
ENSMMUP00000036259 65.84 ENSMMUG00000005601 OPTN 
ENSMMUP00000018775 225.95 ENSMMUG00000014292 OTOF 
ENSMMUP00000014436 56.24 ENSMMUG00000011027 OXCT1 
ENSMMUP00000019422 49.07 ENSMMUG00000014798 OXSM 
ENSMMUP00000012107 58.46 ENSMMUG00000009242 P4HB 
ENSMMUP00000026864 29.34 ENSMMUG00000020412 PACRG 
ENSMMUP00000028827 25.76 ENSMMUG00000021893 PAFAH1B3 
ENSMMUP00000022763 131.61 ENSMMUG00000017304 PALB2 
ENSMMUP00000039408 135.21 ENSMMUG00000013482 PAN2 
ENSMMUP00000025846 20.18 ENSMMUG00000019671 PARK7 
ENSMMUP00000029709 184.59 ENSMMUG00000022569 PARP14 
ENSMMUP00000040110 53.39 ENSMMUG00000032084 PARS2 
ENSMMUP00000026605 14.51 ENSMMUG00000020210 PATE1 
ENSMMUP00000006032 129.80 ENSMMUG00000004533 PC 
ENSMMUP00000008685 38.78 ENSMMUG00000006608 PCBP2 
ENSMMUP00000005991 76.46 ENSMMUG00000004493 PCCA 
ENSMMUP00000004348 58.19 ENSMMUG00000003262 PCCB 
ENSMMUP00000012820 215.73 ENSMMUG00000009794 PCDH15 
ENSMMUP00000028544 525.29 ENSMMUG00000021678 PCLO 
ENSMMUP00000033197 30.45 ENSMMUG00000029462 PCMT1 
ENSMMUP00000016959 373.38 ENSMMUG00000012914 PCNT 
ENSMMUP00000010442 52.78 ENSMMUG00000007959 PCYOX1 
ENSMMUP00000016929 43.26 ENSMMUG00000012889 PCYT2 
ENSMMUP00000026174 38.47 ENSMMUG00000019916 PDCD2 
ENSMMUP00000022813 47.58 ENSMMUG00000017336 PDHA1 
ENSMMUP00000028136 43.02 ENSMMUG00000021359 PDHA2 
ENSMMUP00000020570 39.26 ENSMMUG00000015672 PDHB 
ENSMMUP00000008498 54.96 ENSMMUG00000006448 PDHX 
ENSMMUP00000002254 56.78 ENSMMUG00000001682 PDIA3 
ENSMMUP00000010118 59.62 ENSMMUG00000007696 PDIA5 
ENSMMUP00000016897 53.40 ENSMMUG00000012864 PDIA6 
ENSMMUP00000016843 46.18 ENSMMUG00000012819 PDK3 
417 
ENSMMUP00000006073 61.05 ENSMMUG00000004568 PDP1 
ENSMMUP00000032321 99.42 ENSMMUG00000023147 PDPR 
ENSMMUP00000003989 86.71 ENSMMUG00000002984 PDXDC1 
ENSMMUP00000016135 35.05 ENSMMUG00000012300 PDXK 
ENSMMUP00000018340 301.11 ENSMMUG00000013954 PDZD2 
ENSMMUP00000025806 56.99 ENSMMUG00000019642 PDZK1 
ENSMMUP00000006757 20.90 ENSMMUG00000005098 PEBP1 
ENSMMUP00000024119 25.06 ENSMMUG00000018345 PEBP4 
ENSMMUP00000013273 133.29 ENSMMUG00000010150 PELP1 
ENSMMUP00000028711 136.65 ENSMMUG00000021798 PER1 
ENSMMUP00000014466 62.00 ENSMMUG00000011048 PET112 
ENSMMUP00000021108 28.42 ENSMMUG00000016048 PEX11B 
ENSMMUP00000011027 26.66 ENSMMUG00000008409 PEX11G 
ENSMMUP00000029185 54.36 ENSMMUG00000022170 PFKFB2 
ENSMMUP00000005582 51.40 ENSMMUG00000004173 PFKL 
ENSMMUP00000039868 93.27 ENSMMUG00000002045 PFKM 
ENSMMUP00000006549 85.25 ENSMMUG00000004935 PFKP 
ENSMMUP00000003717 15.05 ENSMMUG00000002772 PFN1 
ENSMMUP00000003245 22.81 ENSMMUG00000002417 PGAM2 
ENSMMUP00000013841 28.80 ENSMMUG00000010554 PGAM4 
ENSMMUP00000020288 20.22 ENSMMUG00000015466 PGAM5 
ENSMMUP00000030320 53.38 ENSMMUG00000023029 PGD 
ENSMMUP00000040963 44.59 ENSMMUG00000012874 PGK1 
ENSMMUP00000015734 44.88 ENSMMUG00000011998 PGK2 
ENSMMUP00000032717 34.09 ENSMMUG00000019234 PGP 
ENSMMUP00000018994 21.66 ENSMMUG00000014466 PGRMC1 
ENSMMUP00000019147 23.73 ENSMMUG00000014585 PGRMC2 
ENSMMUP00000000214 29.80 ENSMMUG00000000156 PHB 
ENSMMUP00000013345 33.70 ENSMMUG00000010205 PHB2 
ENSMMUP00000030404 56.48 ENSMMUG00000023089 PHGDH 
ENSMMUP00000008398 69.71 ENSMMUG00000006366 PIF1 
ENSMMUP00000016056 61.75 ENSMMUG00000012240 PIGS 
ENSMMUP00000001570 47.36 ENSMMUG00000001179 PIP4K2C 
ENSMMUP00000003180 31.80 ENSMMUG00000002374 PITPNA 
ENSMMUP00000020967 149.08 ENSMMUG00000015931 PITPNM2 
ENSMMUP00000006552 117.23 ENSMMUG00000004938 PITRM1 
ENSMMUP00000018965 109.88 ENSMMUG00000014438 PIWIL2 
ENSMMUP00000011535 109.71 ENSMMUG00000008795 PKD2 
ENSMMUP00000005543 58.46 ENSMMUG00000004145 PKM2 
ENSMMUP00000033454 58.21 ENSMMUG00000023454 PKM2 
ENSMMUP00000017756 82.67 ENSMMUG00000013506 PKP1 
ENSMMUP00000004694 86.89 ENSMMUG00000003525 PKP3 
ENSMMUP00000001208 49.53 ENSMMUG00000000902 PLA1A 
ENSMMUP00000005123 114.06 ENSMMUG00000003842 PLA2G4B 
ENSMMUP00000020261 95.12 ENSMMUG00000015449 PLA2G4F 
ENSMMUP00000004886 63.32 ENSMMUG00000003665 PLBD1 
ENSMMUP00000005625 59.78 ENSMMUG00000004205 PLBD2 
ENSMMUP00000027046 135.00 ENSMMUG00000020535 PLCB2 
ENSMMUP00000002160 224.99 ENSMMUG00000001608 PLCE1 
ENSMMUP00000029191 70.57 ENSMMUG00000022175 PLCZ1 
ENSMMUP00000031602 54.75 ENSMMUG00000006071 PLD3 
ENSMMUP00000031861 532.23 ENSMMUG00000000388 PLEC 
ENSMMUP00000031193 77.84 ENSMMUG00000023678 PLEKHG5 
ENSMMUP00000040861 70.81 ENSMMUG00000006377 PLS3 
ENSMMUP00000004489 205.53 ENSMMUG00000008331 PLXNB2 
418 
ENSMMUP00000016730 166.29 ENSMMUG00000012737 PLXND1 
ENSMMUP00000000916 117.74 ENSMMUG00000000680 PMFBP1 
ENSMMUP00000004138 58.20 ENSMMUG00000003098 PMPCA 
ENSMMUP00000004571 37.40 ENSMMUG00000003429 PMPCB 
ENSMMUP00000015525 88.41 ENSMMUG00000011831 PNPLA8 
ENSMMUP00000009189 80.78 ENSMMUG00000007003 PNPT1 
ENSMMUP00000004763 53.60 ENSMMUG00000003574 POC1B 
ENSMMUP00000031503 111.79 ENSMMUG00000021525 POLD1 
ENSMMUP00000025165 42.05 ENSMMUG00000019146 POLDIP2 
ENSMMUP00000007293 155.73 ENSMMUG00000005514 POLR3A 
ENSMMUP00000019182 136.00 ENSMMUG00000014617 POLRMT 
ENSMMUP00000010508 41.48 ENSMMUG00000008014 PON2 
ENSMMUP00000026433 76.99 ENSMMUG00000020086 POR 
ENSMMUP00000022376 37.16 ENSMMUG00000017004 PPA2 
ENSMMUP00000028633 113.50 ENSMMUG00000021737 PPFIBP1 
ENSMMUP00000021879 18.01 ENSMMUG00000016638 PPIA 
ENSMMUP00000027805 23.74 ENSMMUG00000021123 PPIB 
ENSMMUP00000004252 21.95 ENSMMUG00000003189 PPIF 
ENSMMUP00000029796 50.66 ENSMMUG00000022630 PPOX 
ENSMMUP00000027076 35.52 ENSMMUG00000020562 PPP1CB 
ENSMMUP00000017967 38.52 ENSMMUG00000013664 PPP1CC 
ENSMMUP00000017139 35.59 ENSMMUG00000013047 PPP2CA 
ENSMMUP00000028954 65.31 ENSMMUG00000021986 PPP2R1A 
ENSMMUP00000003379 40.25 ENSMMUG00000002515 PPP2R4 
ENSMMUP00000025998 56.18 ENSMMUG00000019771 PPP2R5A 
ENSMMUP00000018970 56.97 ENSMMUG00000014442 PPP3CC 
ENSMMUP00000001318 35.08 ENSMMUG00000000982 PPP4C 
ENSMMUP00000027059 35.14 ENSMMUG00000020549 PPP6C 
ENSMMUP00000012042 34.25 ENSMMUG00000009189 PPT1 
ENSMMUP00000010295 55.75 ENSMMUG00000007838 PRCP 
ENSMMUP00000008176 22.13 ENSMMUG00000006221 PRDX1 
ENSMMUP00000007512 21.89 ENSMMUG00000005689 PRDX2 
ENSMMUP00000010873 27.92 ENSMMUG00000008294 PRDX3 
ENSMMUP00000028144 30.50 ENSMMUG00000021366 PRDX4 
ENSMMUP00000017596 12.99 ENSMMUG00000013397 PRDX5 
ENSMMUP00000011500 25.02 ENSMMUG00000008776 PRDX6 
ENSMMUP00000017722 80.78 ENSMMUG00000013483 PREP 
ENSMMUP00000007974 228.09 ENSMMUG00000006070 PRIC285 
ENSMMUP00000013649 55.88 ENSMMUG00000010406 PRKAA2 
ENSMMUP00000018568 36.45 ENSMMUG00000014132 PRKACA 
ENSMMUP00000026815 40.18 ENSMMUG00000020379 PRKACG 
ENSMMUP00000020637 38.55 ENSMMUG00000015713 PRKAG1 
ENSMMUP00000002929 43.01 ENSMMUG00000002194 PRKAR1A 
ENSMMUP00000000106 42.87 ENSMMUG00000000081 PRKAR2A 
ENSMMUP00000003116 57.12 ENSMMUG00000002328 PRKCSH 
ENSMMUP00000020132 469.49 ENSMMUG00000015347 PRKDC 
ENSMMUP00000026112 87.41 ENSMMUG00000019859 PRKG2 
ENSMMUP00000033103 71.32 ENSMMUG00000001035 PRMT5 
ENSMMUP00000019079 55.04 ENSMMUG00000014530 PRPF19 
ENSMMUP00000018422 116.91 ENSMMUG00000014017 PRPF4B 
ENSMMUP00000035441 268.18 ENSMMUG00000004820 PRPF8 
ENSMMUP00000014891 34.75 ENSMMUG00000011345 PRPS2 
ENSMMUP00000007037 41.69 ENSMMUG00000005323 PRPSAP2 
ENSMMUP00000027298 235.24 ENSMMUG00000020746 PRR14L 
ENSMMUP00000007009 228.78 ENSMMUG00000005297 PRRC2A 
419 
ENSMMUP00000021268 34.69 ENSMMUG00000016183 PRSS21 
ENSMMUP00000027985 32.28 ENSMMUG00000021251 PRSS46 
ENSMMUP00000025563 42.51 ENSMMUG00000019451 PRSS54 
ENSMMUP00000031601 143.75 ENSMMUG00000022625 PRX 
ENSMMUP00000021601 30.24 ENSMMUG00000016446 PSMA1 
ENSMMUP00000029542 25.90 ENSMMUG00000022451 PSMA2 
ENSMMUP00000004676 28.43 ENSMMUG00000003509 PSMA3 
ENSMMUP00000014072 29.48 ENSMMUG00000010740 PSMA4 
ENSMMUP00000007662 26.41 ENSMMUG00000005813 PSMA5 
ENSMMUP00000021739 27.40 ENSMMUG00000016544 PSMA6 
ENSMMUP00000024133 24.21 ENSMMUG00000018354 PSMA7 
ENSMMUP00000026177 26.36 ENSMMUG00000019919 PSMB1 
ENSMMUP00000017191 22.84 ENSMMUG00000013090 PSMB2 
ENSMMUP00000016237 22.96 ENSMMUG00000012363 PSMB3 
ENSMMUP00000027532 29.17 ENSMMUG00000020924 PSMB4 
ENSMMUP00000007892 28.79 ENSMMUG00000006007 PSMB5 
ENSMMUP00000017070 25.41 ENSMMUG00000012999 PSMB6 
ENSMMUP00000020482 49.21 ENSMMUG00000015611 PSMC3 
ENSMMUP00000034223 43.07 ENSMMUG00000016769 PSMC5 
ENSMMUP00000032903 44.06 ENSMMUG00000029348 PSMC6 
ENSMMUP00000037432 102.33 ENSMMUG00000011769 PSMD1 
ENSMMUP00000024950 36.75 ENSMMUG00000018962 PSMD11 
ENSMMUP00000002837 52.91 ENSMMUG00000002132 PSMD12 
ENSMMUP00000015626 34.58 ENSMMUG00000011906 PSMD14 
ENSMMUP00000001091 100.01 ENSMMUG00000000800 PSMD2 
ENSMMUP00000026821 61.00 ENSMMUG00000020382 PSMD3 
ENSMMUP00000002957 37.08 ENSMMUG00000002213 PSMD5 
ENSMMUP00000002009 45.56 ENSMMUG00000001509 PSMD6 
ENSMMUP00000014563 36.77 ENSMMUG00000011125 PSMD7 
ENSMMUP00000016377 27.36 ENSMMUG00000012473 PSME2 
ENSMMUP00000010615 197.72 ENSMMUG00000008104 PSME4 
ENSMMUP00000020795 78.73 ENSMMUG00000015820 PTCD3 
ENSMMUP00000027185 91.38 ENSMMUG00000020657 PTCHD3 
ENSMMUP00000011551 55.56 ENSMMUG00000000573 PTDSS1 
ENSMMUP00000018100 18.70 ENSMMUG00000013766 PTGES3 
ENSMMUP00000020266 44.41 ENSMMUG00000015450 PTPLAD1 
ENSMMUP00000005737 22.76 ENSMMUG00000004286 PTPMT1 
ENSMMUP00000005738 30.23 ENSMMUG00000004286 PTPMT1 
ENSMMUP00000004975 273.26 ENSMMUG00000003726 PTPN13 
ENSMMUP00000014498 102.74 ENSMMUG00000011072 PTPRB 
ENSMMUP00000016385 165.95 ENSMMUG00000012477 PTPRF 
ENSMMUP00000002102 19.21 ENSMMUG00000001572 PTRH2 
ENSMMUP00000015054 60.50 ENSMMUG00000011472 PWWP2A 
ENSMMUP00000004715 181.95 ENSMMUG00000003539 QRICH2 
ENSMMUP00000013389 24.49 ENSMMUG00000010225 RAB11B 
ENSMMUP00000007398 23.90 ENSMMUG00000005595 RAB14 
ENSMMUP00000009092 22.98 ENSMMUG00000006928 RAB18 
ENSMMUP00000028603 22.67 ENSMMUG00000021721 RAB1A 
ENSMMUP00000029004 24.77 ENSMMUG00000022025 RAB28 
ENSMMUP00000022423 21.87 ENSMMUG00000017038 RAB2A 
ENSMMUP00000019654 20.76 ENSMMUG00000014992 RAB2B 
ENSMMUP00000039450 23.74 ENSMMUG00000031853 RAB5B 
ENSMMUP00000019379 23.48 ENSMMUG00000014761 RAB5C 
ENSMMUP00000002391 23.52 ENSMMUG00000001798 RAB7A 
ENSMMUP00000004184 153.89 ENSMMUG00000003130 RAD50 
420 
ENSMMUP00000024160 210.83 ENSMMUG00000018371 RALGAPA2 
ENSMMUP00000037922 166.49 ENSMMUG00000017350 RALGAPB 
ENSMMUP00000027540 24.42 ENSMMUG00000020927 RAN 
ENSMMUP00000015009 20.82 ENSMMUG00000011442 RAP1B 
ENSMMUP00000008536 122.40 ENSMMUG00000006479 RAPGEF1 
ENSMMUP00000016437 75.30 ENSMMUG00000012516 RARS 
ENSMMUP00000027738 55.30 ENSMMUG00000021074 RASGEF1B 
ENSMMUP00000029355 145.09 ENSMMUG00000022299 RASGRF1 
ENSMMUP00000013002 47.66 ENSMMUG00000009940 RBBP4 
ENSMMUP00000020915 201.63 ENSMMUG00000015908 RBBP6 
ENSMMUP00000024143 29.35 ENSMMUG00000018360 RCN1 
ENSMMUP00000010763 36.84 ENSMMUG00000008213 RCN2 
ENSMMUP00000032850 35.43 ENSMMUG00000015868 RDH11 
ENSMMUP00000018508 68.93 ENSMMUG00000014083 RDH14 
ENSMMUP00000025520 67.01 ENSMMUG00000019416 RETSAT 
ENSMMUP00000028357 351.88 ENSMMUG00000021533 REV3L 
ENSMMUP00000003810 126.36 ENSMMUG00000002847 REXO1 
ENSMMUP00000035017 80.86 ENSMMUG00000018222 RHOT1 
ENSMMUP00000011293 274.16 ENSMMUG00000008611 RIF1 
ENSMMUP00000013566 188.09 ENSMMUG00000010345 RIMS1 
ENSMMUP00000025504 158.43 ENSMMUG00000019407 RIMS2 
ENSMMUP00000005754 90.64 ENSMMUG00000004298 RINT1 
ENSMMUP00000012831 157.84 ENSMMUG00000009799 RLTPR 
ENSMMUP00000027305 17.96 ENSMMUG00000020750 RNASE13 
ENSMMUP00000033164 24.52 ENSMMUG00000015833 RNASE9 
ENSMMUP00000038531 89.82 ENSMMUG00000004223 RNF10 
ENSMMUP00000032121 29.65 ENSMMUG00000028999 RNF170 
ENSMMUP00000007212 373.15 ENSMMUG00000005455 RNF213 
ENSMMUP00000037874 49.21 ENSMMUG00000010783 RNH1 
ENSMMUP00000006193 154.72 ENSMMUG00000004656 ROCK1 
ENSMMUP00000010962 23.84 ENSMMUG00000008360 ROPN1B 
ENSMMUP00000012768 22.38 ENSMMUG00000009761 ROPN1L 
ENSMMUP00000010711 152.70 ENSMMUG00000008175 RPAP1 
ENSMMUP00000027094 142.98 ENSMMUG00000020580 RPGRIP1L 
ENSMMUP00000003295 19.03 ENSMMUG00000002445 RPL11 
ENSMMUP00000000568 17.83 ENSMMUG00000000422 RPL12 
ENSMMUP00000010416 46.27 ENSMMUG00000007937 RPL3L 
ENSMMUP00000038598 32.67 ENSMMUG00000007433 RPL6 
ENSMMUP00000006809 28.42 ENSMMUG00000005141 RPL7 
ENSMMUP00000012008 34.35 ENSMMUG00000009157 RPLP0 
ENSMMUP00000024084 68.73 ENSMMUG00000018321 RPN1 
ENSMMUP00000037883 69.31 ENSMMUG00000010363 RPN2 
ENSMMUP00000025450 16.45 ENSMMUG00000019370 RPS16 
ENSMMUP00000036826 26.69 ENSMMUG00000009019 RPS3 
ENSMMUP00000004386 29.60 ENSMMUG00000003295 RPS4Y1 
ENSMMUP00000027043 83.86 ENSMMUG00000020532 RPS6KA6 
ENSMMUP00000006894 108.12 ENSMMUG00000005210 RPS6KC1 
ENSMMUP00000030248 32.87 ENSMMUG00000022965 RPSA 
ENSMMUP00000025791 54.61 ENSMMUG00000019632 RSL1D1 
ENSMMUP00000023764 35.15 ENSMMUG00000018084 RSPH1 
ENSMMUP00000026312 48.85 ENSMMUG00000020011 RSPH3 
ENSMMUP00000008667 49.37 ENSMMUG00000006590 RSPH6A 
ENSMMUP00000033600 30.92 ENSMMUG00000029639 RSPH9 
ENSMMUP00000002365 38.84 ENSMMUG00000001774 RTDR1 
ENSMMUP00000020876 112.34 ENSMMUG00000015876 RTN3 
421 
ENSMMUP00000025892 75.13 ENSMMUG00000019703 RUFY2 
ENSMMUP00000024555 50.23 ENSMMUG00000018662 RUVBL1 
ENSMMUP00000001421 562.60 ENSMMUG00000001060 RYR2 
ENSMMUP00000002833 66.99 ENSMMUG00000002130 SACM1L 
ENSMMUP00000001728 496.65 ENSMMUG00000001292 SACS 
ENSMMUP00000000237 184.25 ENSMMUG00000000170 SAMD9 
ENSMMUP00000020256 51.94 ENSMMUG00000015446 SAMM50 
ENSMMUP00000005894 22.40 ENSMMUG00000004417 SAR1B 
ENSMMUP00000025172 75.12 ENSMMUG00000019150 SARM1 
ENSMMUP00000028755 50.73 ENSMMUG00000021837 SARS 
ENSMMUP00000027514 54.28 ENSMMUG00000020913 SCARB2 
ENSMMUP00000029234 40.04 ENSMMUG00000022208 SCCPDH 
ENSMMUP00000025874 72.70 ENSMMUG00000019692 SCFD1 
ENSMMUP00000026250 204.67 ENSMMUG00000019962 SCN11A 
ENSMMUP00000006562 45.05 ENSMMUG00000004952 SCP2 
ENSMMUP00000024743 23.44 ENSMMUG00000018798 SDF2L1 
ENSMMUP00000001008 54.56 ENSMMUG00000014452 SDHA 
ENSMMUP00000002161 31.50 ENSMMUG00000001614 SDHB 
ENSMMUP00000038516 18.63 ENSMMUG00000012411 SDHC 
ENSMMUP00000012443 34.58 ENSMMUG00000009517 SDR39U1 
ENSMMUP00000005885 21.59 ENSMMUG00000004408 SEC11C 
ENSMMUP00000026198 40.74 ENSMMUG00000019936 SEC13 
ENSMMUP00000017115 45.98 ENSMMUG00000013404 SEC14L2 
ENSMMUP00000025455 46.08 ENSMMUG00000019374 SEC14L3 
ENSMMUP00000016683 24.74 ENSMMUG00000012707 SEC22B 
ENSMMUP00000016913 82.04 ENSMMUG00000012878 SEC23B 
ENSMMUP00000005899 109.00 ENSMMUG00000004418 SEC24A 
ENSMMUP00000011503 117.61 ENSMMUG00000008780 SEC24C 
ENSMMUP00000011146 132.91 ENSMMUG00000008501 SEC31A 
ENSMMUP00000024554 46.05 ENSMMUG00000018661 SEC61A1 
ENSMMUP00000033296 88.00 ENSMMUG00000016598 SEC63 
ENSMMUP00000016452 95.67 ENSMMUG00000012532 SECISBP2 
ENSMMUP00000013095 88.64 ENSMMUG00000010016 SEL1L 
ENSMMUP00000026484 80.67 ENSMMUG00000020117 SEMA3B 
ENSMMUP00000016091 115.57 ENSMMUG00000012265 SEMA6A 
ENSMMUP00000022599 43.54 ENSMMUG00000017177 SEPT10 
ENSMMUP00000009161 50.68 ENSMMUG00000006980 SEPT7 
ENSMMUP00000014700 45.72 ENSMMUG00000011217 SERPINA5 
ENSMMUP00000009401 48.58 ENSMMUG00000007171 SERPINB12 
ENSMMUP00000010086 46.45 ENSMMUG00000007675 SERPINH1 
ENSMMUP00000006616 169.39 ENSMMUG00000004997 SETBP1 
ENSMMUP00000007333 88.82 ENSMMUG00000005547 SF3A1 
ENSMMUP00000029521 145.84 ENSMMUG00000022430 SF3B1 
ENSMMUP00000023419 133.61 ENSMMUG00000017812 SF3B3 
ENSMMUP00000002904 141.12 ENSMMUG00000002181 SFI1 
ENSMMUP00000025177 67.83 ENSMMUG00000019154 SFPQ 
ENSMMUP00000012828 62.56 ENSMMUG00000009800 SGPL1 
ENSMMUP00000018157 107.42 ENSMMUG00000013808 SH3BP4 
ENSMMUP00000009261 122.09 ENSMMUG00000007067 SH3PXD2A 
ENSMMUP00000034555 93.31 ENSMMUG00000012701 SH3RF1 
ENSMMUP00000024176 79.22 ENSMMUG00000018386 SH3RF2 
ENSMMUP00000015678 193.05 ENSMMUG00000011955 SHPRH 
ENSMMUP00000027528 217.97 ENSMMUG00000020919 SHROOM3 
ENSMMUP00000038668 212.09 ENSMMUG00000001302 SI 
ENSMMUP00000002590 52.01 ENSMMUG00000001939 SIL1 
422 
ENSMMUP00000011382 33.88 ENSMMUG00000008678 SIRT5 
ENSMMUP00000039288 52.18 ENSMMUG00000014778 SLC16A7 
ENSMMUP00000021329 61.62 ENSMMUG00000016227 SLC22A6 
ENSMMUP00000007177 34.03 ENSMMUG00000005431 SLC25A1 
ENSMMUP00000005936 32.15 ENSMMUG00000004457 SLC25A10 
ENSMMUP00000003713 34.14 ENSMMUG00000002765 SLC25A11 
ENSMMUP00000009586 74.74 ENSMMUG00000007310 SLC25A12 
ENSMMUP00000006949 52.93 ENSMMUG00000005250 SLC25A13 
ENSMMUP00000023689 28.66 ENSMMUG00000018031 SLC25A19 
ENSMMUP00000020224 33.04 ENSMMUG00000015418 SLC25A20 
ENSMMUP00000009861 34.54 ENSMMUG00000007513 SLC25A22 
ENSMMUP00000030330 40.04 ENSMMUG00000023036 SLC25A3 
ENSMMUP00000019982 35.08 ENSMMUG00000015243 SLC25A31 
ENSMMUP00000020297 33.07 ENSMMUG00000015472 SLC25A4 
ENSMMUP00000029834 32.90 ENSMMUG00000022663 SLC25A5 
ENSMMUP00000023186 84.31 ENSMMUG00000017618 SLC26A3 
ENSMMUP00000011069 101.08 ENSMMUG00000008442 SLC26A8 
ENSMMUP00000003845 70.17 ENSMMUG00000002876 SLC27A2 
ENSMMUP00000018591 71.76 ENSMMUG00000014148 SLC27A4 
ENSMMUP00000040292 54.34 ENSMMUG00000000439 SLC2A3 
ENSMMUP00000021421 55.13 ENSMMUG00000016307 SLC2A5 
ENSMMUP00000029995 51.35 ENSMMUG00000022782 SLC30A9 
ENSMMUP00000033920 120.70 ENSMMUG00000003292 SLC38A10 
ENSMMUP00000023541 75.20 ENSMMUG00000017907 SLC44A5 
ENSMMUP00000020096 142.76 ENSMMUG00000015324 SLK 
ENSMMUP00000001125 121.88 ENSMMUG00000000829 SMARCA5 
ENSMMUP00000025671 105.14 ENSMMUG00000019539 SMARCAL1 
ENSMMUP00000038658 105.74 ENSMMUG00000017291 SMC4 
ENSMMUP00000006213 101.75 ENSMMUG00000004675 SMTN 
ENSMMUP00000020240 102.01 ENSMMUG00000015432 SND1 
ENSMMUP00000006586 108.91 ENSMMUG00000004968 SNED1 
ENSMMUP00000013142 23.66 ENSMMUG00000010050 SNRPB 
ENSMMUP00000010866 52.92 ENSMMUG00000008288 SNX17 
ENSMMUP00000031067 58.40 ENSMMUG00000023598 SNX2 
ENSMMUP00000002283 15.98 ENSMMUG00000001711 SOD1 
ENSMMUP00000021010 38.21 ENSMMUG00000015971 SORD 
ENSMMUP00000007661 91.30 ENSMMUG00000005812 SORT1 
ENSMMUP00000011119 17.40 ENSMMUG00000008480 SPA17 
ENSMMUP00000006557 32.08 ENSMMUG00000004947 SPACA1 
ENSMMUP00000014973 23.24 ENSMMUG00000011411 SPACA3 
ENSMMUP00000014266 17.91 ENSMMUG00000010883 SPACA5 
ENSMMUP00000000510 70.70 ENSMMUG00000000382 SPAG16 
ENSMMUP00000001181 55.48 ENSMMUG00000000882 SPAG6 
ENSMMUP00000029661 133.55 ENSMMUG00000022528 SPAG9 
ENSMMUP00000007542 58.47 ENSMMUG00000005719 SPAM1 
ENSMMUP00000024928 60.87 ENSMMUG00000018943 SPATA18 
ENSMMUP00000012159 56.20 ENSMMUG00000009282 SPATA6 
ENSMMUP00000005345 53.21 ENSMMUG00000004008 SPATC1 
ENSMMUP00000022863 11.79 ENSMMUG00000017370 SPCS1 
ENSMMUP00000029997 21.34 ENSMMUG00000022784 SPCS3 
ENSMMUP00000024658 210.33 ENSMMUG00000018739 SPEF2 
ENSMMUP00000010529 402.17 ENSMMUG00000008026 SPEN 
ENSMMUP00000015718 51.56 ENSMMUG00000011986 SPERT 
ENSMMUP00000019595 39.43 ENSMMUG00000014938 SPESP1 
ENSMMUP00000018770 278.41 ENSMMUG00000014291 SPG11 
423 
ENSMMUP00000023664 44.73 ENSMMUG00000018011 SPHK1 
ENSMMUP00000023987 11.33 ENSMMUG00000018248 SPINT4 
ENSMMUP00000040460 129.62 ENSMMUG00000005466 SPOCD1 
ENSMMUP00000012410 28.04 ENSMMUG00000009485 SPR 
ENSMMUP00000001152 23.04 ENSMMUG00000000859 SPRYD4 
ENSMMUP00000012218 285.62 ENSMMUG00000009327 SPTAN1 
ENSMMUP00000017814 274.88 ENSMMUG00000013541 SPTBN1 
ENSMMUP00000026792 271.01 ENSMMUG00000020359 SPTBN2 
ENSMMUP00000027373 288.97 ENSMMUG00000020796 SPTBN4 
ENSMMUP00000025069 28.51 ENSMMUG00000019071 SRD5A2 
ENSMMUP00000026315 124.49 ENSMMUG00000020014 SRGAP3 
ENSMMUP00000029884 21.70 ENSMMUG00000022696 SRI 
ENSMMUP00000011691 29.65 ENSMMUG00000008918 SRPRB 
ENSMMUP00000024814 300.83 ENSMMUG00000018858 SRRM2 
ENSMMUP00000014432 27.37 ENSMMUG00000011025 SRSF7 
ENSMMUP00000029533 17.25 ENSMMUG00000022442 SSBP1 
ENSMMUP00000004497 19.09 ENSMMUG00000003375 SSR4 
ENSMMUP00000025139 41.63 ENSMMUG00000019118 ST13 
ENSMMUP00000011065 111.67 ENSMMUG00000008439 ST18 
ENSMMUP00000036592 36.73 ENSMMUG00000006929 ST3GAL4 
ENSMMUP00000029492 63.47 ENSMMUG00000022408 ST6GALNAC1 
ENSMMUP00000017002 67.77 ENSMMUG00000012953 STIP1 
ENSMMUP00000015573 38.59 ENSMMUG00000011864 STOML2 
ENSMMUP00000035817 99.68 ENSMMUG00000000826 STOX1 
ENSMMUP00000013093 80.53 ENSMMUG00000010010 STT3A 
ENSMMUP00000011289 93.60 ENSMMUG00000008608 STT3B 
ENSMMUP00000029030 50.60 ENSMMUG00000022041 STXBP2 
ENSMMUP00000013283 67.83 ENSMMUG00000010158 STXBP3 
ENSMMUP00000022479 127.86 ENSMMUG00000017082 STXBP5 
ENSMMUP00000026436 35.86 ENSMMUG00000020088 STYXL1 
ENSMMUP00000011412 49.22 ENSMMUG00000007539 SUCLA2 
ENSMMUP00000001216 33.13 ENSMMUG00000000908 SUCLG1 
ENSMMUP00000012680 46.50 ENSMMUG00000009693 SUCLG2 
ENSMMUP00000009544 80.37 ENSMMUG00000007284 SUN2 
ENSMMUP00000012320 42.33 ENSMMUG00000009414 SUN5 
ENSMMUP00000019664 101.53 ENSMMUG00000015000 SUPT16H 
ENSMMUP00000006255 198.53 ENSMMUG00000004708 SUPT6H 
ENSMMUP00000029418 30.38 ENSMMUG00000022348 SURF4 
ENSMMUP00000001839 247.20 ENSMMUG00000001374 SVIL 
ENSMMUP00000011714 124.81 ENSMMUG00000008936 SYDE2 
ENSMMUP00000016508 69.60 ENSMMUG00000012575 SYNCRIP 
ENSMMUP00000025065 1010.79 ENSMMUG00000019048 SYNE1 
ENSMMUP00000001353 396.53 ENSMMUG00000001008 SYNE2 
ENSMMUP00000014045 376.63 ENSMMUG00000001008 SYNE2 
ENSMMUP00000013967 146.42 ENSMMUG00000010659 SYNGAP1 
ENSMMUP00000014514 13.67 ENSMMUG00000011086 SYNJ2BP 
ENSMMUP00000025733 28.63 ENSMMUG00000019593 SYPL1 
ENSMMUP00000024720 67.62 ENSMMUG00000018781 SYVN1 
ENSMMUP00000016268 32.44 ENSMMUG00000012390 TACSTD1 
ENSMMUP00000007484 208.78 ENSMMUG00000005663 TAF1 
ENSMMUP00000002752 22.63 ENSMMUG00000002058 TAGLN 
ENSMMUP00000037844 33.92 ENSMMUG00000007510 TALDO1 
ENSMMUP00000000327 132.72 ENSMMUG00000000237 TBC1D1 
ENSMMUP00000012964 90.76 ENSMMUG00000009907 TBC1D2B 
ENSMMUP00000011927 49.80 ENSMMUG00000009093 TBL2 
424 
ENSMMUP00000004240 84.93 ENSMMUG00000003173 TCEB3 
ENSMMUP00000030527 92.53 ENSMMUG00000023190 TCIRG1 
ENSMMUP00000011956 92.55 ENSMMUG00000009111 TCOF1 
ENSMMUP00000016880 60.30 ENSMMUG00000012846 TCP1 
ENSMMUP00000028602 56.19 ENSMMUG00000021720 TCP11 
ENSMMUP00000028993 47.07 ENSMMUG00000022018 TDO2 
ENSMMUP00000010113 186.02 ENSMMUG00000007698 TDRD15 
ENSMMUP00000028466 39.68 ENSMMUG00000021611 TECR 
ENSMMUP00000028344 48.18 ENSMMUG00000021519 TEKT1 
ENSMMUP00000015776 49.66 ENSMMUG00000012028 TEKT2 
ENSMMUP00000002950 56.68 ENSMMUG00000002208 TEKT3 
ENSMMUP00000029666 50.42 ENSMMUG00000022534 TEKT4 
ENSMMUP00000025931 48.04 ENSMMUG00000019726 TEKT5 
ENSMMUP00000010630 91.74 ENSMMUG00000008119 TELO2 
ENSMMUP00000021365 288.56 ENSMMUG00000016255 TEP1 
ENSMMUP00000029836 27.71 ENSMMUG00000022666 TEPP 
ENSMMUP00000026067 29.48 ENSMMUG00000019829 TFAM 
ENSMMUP00000036140 83.19 ENSMMUG00000022383 THNSL1 
ENSMMUP00000019191 108.65 ENSMMUG00000014622 THRAP3 
ENSMMUP00000025712 177.47 ENSMMUG00000019571 TIAM1 
ENSMMUP00000019812 46.19 ENSMMUG00000015114 TICAM2 
ENSMMUP00000001674 137.36 ENSMMUG00000001254 TICRR 
ENSMMUP00000028809 138.81 ENSMMUG00000021878 TIMELESS 
ENSMMUP00000008614 47.38 ENSMMUG00000006542 TIMM44 
ENSMMUP00000025459 50.06 ENSMMUG00000019376 TIMM50 
ENSMMUP00000023502 193.46 ENSMMUG00000017878 TJP1 
ENSMMUP00000009026 130.83 ENSMMUG00000003780 TJP2 
ENSMMUP00000018959 67.65 ENSMMUG00000014433 TKT 
ENSMMUP00000039464 268.80 ENSMMUG00000031856 TLN1 
ENSMMUP00000015100 271.70 ENSMMUG00000011503 TLN2 
ENSMMUP00000024707 61.43 ENSMMUG00000018773 TM7SF2 
ENSMMUP00000025694 75.69 ENSMMUG00000019556 TM9SF2 
ENSMMUP00000002497 67.55 ENSMMUG00000001874 TM9SF3 
ENSMMUP00000037694 72.54 ENSMMUG00000017416 TM9SF4 
ENSMMUP00000017523 92.62 ENSMMUG00000013329 TMC5 
ENSMMUP00000019887 24.97 ENSMMUG00000015168 TMED10 
ENSMMUP00000003567 26.11 ENSMMUG00000002650 TMED4 
ENSMMUP00000007950 27.31 ENSMMUG00000006055 TMED9 
ENSMMUP00000027489 21.51 ENSMMUG00000020893 TMEM11 
ENSMMUP00000017036 107.15 ENSMMUG00000012977 TMEM132E 
ENSMMUP00000020389 79.76 ENSMMUG00000015543 TMEM168 
ENSMMUP00000020902 19.29 ENSMMUG00000015900 TMEM190 
ENSMMUP00000002616 71.42 ENSMMUG00000001959 TMEM201 
ENSMMUP00000014840 21.13 ENSMMUG00000011313 TMEM205 
ENSMMUP00000000933 103.86 ENSMMUG00000000695 TMEM245 
ENSMMUP00000027553 27.98 ENSMMUG00000020940 TMEM33 
ENSMMUP00000003596 32.50 ENSMMUG00000002672 TMEM38B 
ENSMMUP00000039043 45.00 ENSMMUG00000023124 TMEM43 
ENSMMUP00000019454 31.56 ENSMMUG00000014820 TMEM53 
ENSMMUP00000004029 29.00 ENSMMUG00000003017 TMEM70 
ENSMMUP00000019294 17.51 ENSMMUG00000014706 TMEM89 
ENSMMUP00000011303 122.85 ENSMMUG00000008616 TMF1 
ENSMMUP00000024319 38.64 ENSMMUG00000018484 TMPRSS12 
ENSMMUP00000017761 35.63 ENSMMUG00000013507 TNNT2 
ENSMMUP00000027531 97.28 ENSMMUG00000020923 TNPO1 
425 
ENSMMUP00000018785 37.82 ENSMMUG00000014303 TOMM40 
ENSMMUP00000009671 183.21 ENSMMUG00000007371 TOP2B 
ENSMMUP00000019022 96.69 ENSMMUG00000014487 TOP3B 
ENSMMUP00000005056 31.88 ENSMMUG00000003794 TOR1A 
ENSMMUP00000019517 75.71 ENSMMUG00000014873 TOR1AIP1 
ENSMMUP00000006872 22.70 ENSMMUG00000005194 TPI1 
ENSMMUP00000014157 29.08 ENSMMUG00000010805 TPM3 
ENSMMUP00000009507 138.62 ENSMMUG00000007247 TPP2 
ENSMMUP00000033157 18.42 ENSMMUG00000020749 TPPP2 
ENSMMUP00000030897 92.62 ENSMMUG00000023469 TRA1 
ENSMMUP00000021652 53.27 ENSMMUG00000016476 TRAIP 
ENSMMUP00000008959 167.73 ENSMMUG00000006816 TRANK1 
ENSMMUP00000028795 76.11 ENSMMUG00000021868 TRAP1 
ENSMMUP00000025236 114.01 ENSMMUG00000019200 TRIM16 
ENSMMUP00000021910 52.91 ENSMMUG00000016660 TRIML1 
ENSMMUP00000020323 219.13 ENSMMUG00000015489 TRIO 
ENSMMUP00000030699 437.48 ENSMMUG00000023318 TRRAP 
ENSMMUP00000039298 37.77 ENSMMUG00000005893 TSFM 
ENSMMUP00000018434 118.57 ENSMMUG00000014028 TSHZ3 
ENSMMUP00000027799 26.18 ENSMMUG00000021119 TSN 
ENSMMUP00000022885 41.41 ENSMMUG00000017385 TSSK2 
ENSMMUP00000016406 38.56 ENSMMUG00000012496 TSSK4 
ENSMMUP00000016214 33.43 ENSMMUG00000012349 TST 
ENSMMUP00000019242 35.82 ENSMMUG00000014664 TSTA3 
ENSMMUP00000014797 125.96 ENSMMUG00000011285 TTC18 
ENSMMUP00000001417 270.83 ENSMMUG00000001058 TTC28 
ENSMMUP00000040664 80.11 ENSMMUG00000032287 TTC34 
ENSMMUP00000011868 2284.26 ENSMMUG00000009038 TTN 
ENSMMUP00000011870 522.28 ENSMMUG00000009038 TTN 
ENSMMUP00000011875 630.33 ENSMMUG00000009038 TTN 
ENSMMUP00000019676 62.19 ENSMMUG00000015012 TUB 
ENSMMUP00000027752 50.15 ENSMMUG00000021081 TUBA1B 
ENSMMUP00000008770 49.96 ENSMMUG00000006668 TUBA3C 
ENSMMUP00000037577 49.92 ENSMMUG00000019628 TUBA4A 
ENSMMUP00000031199 49.67 ENSMMUG00000023684 TUBB 
ENSMMUP00000031327 49.95 ENSMMUG00000023785 TUBB2B 
ENSMMUP00000015958 49.83 ENSMMUG00000012164 TUBB2C 
ENSMMUP00000004400 49.95 ENSMMUG00000003303 TUFM 
ENSMMUP00000021320 11.72 ENSMMUG00000016222 TXN 
ENSMMUP00000028456 38.63 ENSMMUG00000021601 TXNDC5 
ENSMMUP00000016956 32.19 ENSMMUG00000012915 TXNL1 
ENSMMUP00000009933 161.43 ENSMMUG00000007570 UACA 
ENSMMUP00000022942 117.92 ENSMMUG00000017428 UBA1 
ENSMMUP00000041329 14.77 ENSMMUG00000023179 UBA52 
ENSMMUP00000005038 117.98 ENSMMUG00000003776 UBA6 
ENSMMUP00000040613 139.10 ENSMMUG00000016296 UBE4B 
ENSMMUP00000008791 561.63 ENSMMUG00000006669 UBR4 
ENSMMUP00000027328 309.28 ENSMMUG00000020766 UBR5 
ENSMMUP00000021964 49.67 ENSMMUG00000016709 UBXN6 
ENSMMUP00000004740 26.17 ENSMMUG00000003560 UCHL3 
ENSMMUP00000028350 44.86 ENSMMUG00000021526 UGCG 
ENSMMUP00000030702 174.97 ENSMMUG00000023321 UGGT1 
ENSMMUP00000011491 55.70 ENSMMUG00000008770 UGP2 
ENSMMUP00000013941 105.48 ENSMMUG00000010638 UNC5D 
ENSMMUP00000003756 200.99 ENSMMUG00000002809 UNC80 
426 
ENSMMUP00000011547 13.47 ENSMMUG00000008804 UQCRB 
ENSMMUP00000019293 52.80 ENSMMUG00000014705 UQCRC1 
ENSMMUP00000032564 48.42 ENSMMUG00000018287 UQCRC2 
ENSMMUP00000030343 29.75 ENSMMUG00000023048 UQCRFS1 
ENSMMUP00000013479 252.17 ENSMMUG00000010295 URB1 
ENSMMUP00000031045 100.79 ENSMMUG00000023582 USH1C 
ENSMMUP00000028754 107.82 ENSMMUG00000021835 USO1 
ENSMMUP00000024673 100.80 ENSMMUG00000018743 USP25 
ENSMMUP00000010606 387.17 ENSMMUG00000008098 USP34 
ENSMMUP00000016305 78.94 ENSMMUG00000012421 USP49 
ENSMMUP00000006871 95.80 ENSMMUG00000005192 USP5 
ENSMMUP00000032641 125.25 ENSMMUG00000004059 USP7 
ENSMMUP00000018085 291.37 ENSMMUG00000013753 USP9X 
ENSMMUP00000016938 318.69 ENSMMUG00000012891 UTP20 
ENSMMUP00000025550 394.60 ENSMMUG00000019438 UTRN 
ENSMMUP00000024413 11.37 ENSMMUG00000018559 VAMP3 
ENSMMUP00000024488 118.64 ENSMMUG00000018609 VARS2 
ENSMMUP00000021045 42.19 ENSMMUG00000016001 VAT1 
ENSMMUP00000015111 373.15 ENSMMUG00000011513 VCAN 
ENSMMUP00000027409 59.73 ENSMMUG00000029671 VCL 
ENSMMUP00000026582 89.17 ENSMMUG00000020190 VCP 
ENSMMUP00000027141 134.22 ENSMMUG00000020612 VCPIP1 
ENSMMUP00000021336 30.72 ENSMMUG00000016235 VDAC1 
ENSMMUP00000011398 31.61 ENSMMUG00000008691 VDAC2 
ENSMMUP00000026578 30.63 ENSMMUG00000020185 VDAC3 
ENSMMUP00000024873 77.10 ENSMMUG00000018903 VEZT 
ENSMMUP00000019510 107.42 ENSMMUG00000014864 VPS11 
ENSMMUP00000025983 360.46 ENSMMUG00000019754 VPS13A 
ENSMMUP00000029208 445.94 ENSMMUG00000022186 VPS13B 
ENSMMUP00000033539 417.52 ENSMMUG00000001362 VPS13C 
ENSMMUP00000028259 249.56 ENSMMUG00000021449 VPS13D 
ENSMMUP00000015659 90.70 ENSMMUG00000011940 VPS35 
ENSMMUP00000014200 53.86 ENSMMUG00000010837 VRK3 
ENSMMUP00000030152 308.26 ENSMMUG00000022893 VWF 
ENSMMUP00000005235 140.41 ENSMMUG00000003924 WAPAL 
ENSMMUP00000018226 53.60 ENSMMUG00000013865 WARS 
ENSMMUP00000025357 69.99 ENSMMUG00000019299 WBP11 
ENSMMUP00000036957 27.78 ENSMMUG00000031011 WBP2NL 
ENSMMUP00000027872 395.69 ENSMMUG00000021164 WDFY3 
ENSMMUP00000001290 66.48 ENSMMUG00000000960 WDR1 
ENSMMUP00000012303 68.32 ENSMMUG00000009399 WDR16 
ENSMMUP00000011711 102.90 ENSMMUG00000008932 WDR63 
ENSMMUP00000003559 78.44 ENSMMUG00000002642 WDR65 
ENSMMUP00000016614 94.33 ENSMMUG00000012649 WDR66 
ENSMMUP00000038480 32.26 ENSMMUG00000031503 WDR66 
ENSMMUP00000038002 27.42 ENSMMUG00000003805 WFDC8 
ENSMMUP00000013009 58.46 ENSMMUG00000009944 WHSC2 
ENSMMUP00000018247 223.91 ENSMMUG00000013881 WNK2 
ENSMMUP00000017425 377.48 ENSMMUG00000013251 XIRP2 
ENSMMUP00000035652 62.11 ENSMMUG00000015117 XPNPEP1 
ENSMMUP00000005437 35.01 ENSMMUG00000004067 XPNPEP3 
ENSMMUP00000009112 123.39 ENSMMUG00000006941 XPO1 
ENSMMUP00000002718 123.38 ENSMMUG00000002032 XPO7 
ENSMMUP00000014968 108.90 ENSMMUG00000011405 XRN2 
ENSMMUP00000022537 107.06 ENSMMUG00000017131 XYLT1 
427 
ENSMMUP00000021544 87.01 ENSMMUG00000016406 YME1L1 
ENSMMUP00000017350 28.08 ENSMMUG00000013206 YWHAB 
ENSMMUP00000005516 28.30 ENSMMUG00000004125 YWHAG 
ENSMMUP00000013010 28.22 ENSMMUG00000009945 YWHAH 
ENSMMUP00000034863 27.82 ENSMMUG00000000721 YWHAQ 
ENSMMUP00000008547 27.75 ENSMMUG00000006489 YWHAZ 
ENSMMUP00000032579 36.63 ENSMMUG00000029197 YY1 
ENSMMUP00000019570 40.71 ENSMMUG00000014915 ZADH2 
ENSMMUP00000006236 298.02 ENSMMUG00000022840 ZAN 
ENSMMUP00000030342 91.34 ENSMMUG00000023045 ZBBX 
ENSMMUP00000029733 37.29 ENSMMUG00000022588 ZBP1 
ENSMMUP00000024495 138.09 ENSMMUG00000018618 ZBTB40 
ENSMMUP00000022403 185.36 ENSMMUG00000017023 ZCCHC11 
ENSMMUP00000003530 30.63 ENSMMUG00000002626 ZFAND1 
ENSMMUP00000027691 403.15 ENSMMUG00000021041 ZFHX3 
ENSMMUP00000007090 81.52 ENSMMUG00000005363 ZHX2 
ENSMMUP00000007877 54.90 ENSMMUG00000005992 ZMPSTE24 
ENSMMUP00000001385 41.77 ENSMMUG00000001034 ZMYND12 
ENSMMUP00000008864 185.30 ENSMMUG00000006737 ZNF142 
ENSMMUP00000015190 230.80 ENSMMUG00000011567 ZNF318 
ENSMMUP00000027449 87.57 ENSMMUG00000020859 ZNF337 
ENSMMUP00000022918 124.23 ENSMMUG00000017408 ZNF516 
ENSMMUP00000001664 144.98 ENSMMUG00000001245 ZNF532 
ENSMMUP00000039742 103.99 ENSMMUG00000008557 ZNF618 
ENSMMUP00000038990 63.42 ENSMMUG00000009437 ZNF619 
ENSMMUP00000026516 57.31 ENSMMUG00000020143 ZNF655 
ENSMMUP00000027296 114.77 ENSMMUG00000020745 ZNF831 
ENSMMUP00000018010 40.04 ENSMMUG00000013690 ZPBP 
ENSMMUP00000034605 37.17 ENSMMUG00000017341 ZPBP2 
ENSMMUP00000025212 331.38 ENSMMUG00000019180 ZZEF1 
ENSMMUP00000000233 151.36 ENSMMUG00000000167  
ENSMMUP00000000981 36.25 ENSMMUG00000030394  
ENSMMUP00000001106 30.22 ENSMMUG00000000813  
ENSMMUP00000001377 56.98 ENSMMUG00000001027  
ENSMMUP00000001989 34.42 ENSMMUG00000001496  
ENSMMUP00000003513 18.58 ENSMMUG00000002615  
ENSMMUP00000004409 81.54 ENSMMUG00000003308  
ENSMMUP00000005346 134.54 ENSMMUG00000004009  
ENSMMUP00000005588 47.54 ENSMMUG00000004176  
ENSMMUP00000005801 18.87 ENSMMUG00000004339  
ENSMMUP00000008024 170.48 ENSMMUG00000006106  
ENSMMUP00000008031 177.66 ENSMMUG00000006109  
ENSMMUP00000009119 66.69 ENSMMUG00000006946  
ENSMMUP00000009462 51.30 ENSMMUG00000007216  
ENSMMUP00000010339 46.65 ENSMMUG00000007870  
ENSMMUP00000011287 87.08 ENSMMUG00000008607  
ENSMMUP00000011929 51.10 ENSMMUG00000009092  
ENSMMUP00000012363 60.65 ENSMMUG00000009454  
ENSMMUP00000012511 110.70 ENSMMUG00000032185  
ENSMMUP00000014000 25.66 ENSMMUG00000010685  
ENSMMUP00000014484 81.72 ENSMMUG00000011061  
ENSMMUP00000015073 126.46 ENSMMUG00000011482  
ENSMMUP00000016475 28.09 ENSMMUG00000012551  
ENSMMUP00000020738 32.97 ENSMMUG00000015781  
ENSMMUP00000021420 47.48 ENSMMUG00000016306  
428 
ENSMMUP00000021485 83.26 ENSMMUG00000016363  
ENSMMUP00000021976 194.80 ENSMMUG00000016717  
ENSMMUP00000022208 132.58 ENSMMUG00000016891  
ENSMMUP00000023960 59.95 ENSMMUG00000018220  
ENSMMUP00000024247 90.13 ENSMMUG00000018427  
ENSMMUP00000024288 104.85 ENSMMUG00000018463  
ENSMMUP00000025458 10.44 ENSMMUG00000019378  
ENSMMUP00000026780 51.09 ENSMMUG00000020353  
ENSMMUP00000027398 42.24 ENSMMUG00000020813  
ENSMMUP00000028587 64.40 ENSMMUG00000021709  
ENSMMUP00000028588 61.86 ENSMMUG00000021710  
ENSMMUP00000029660 21.84 ENSMMUG00000022531  
ENSMMUP00000031467 22.72 ENSMMUG00000028719  
ENSMMUP00000031810 79.68 ENSMMUG00000012587  
ENSMMUP00000032571 87.86 ENSMMUG00000029195  
ENSMMUP00000032804 60.81 ENSMMUG00000029303  
ENSMMUP00000032835 204.34 ENSMMUG00000029311  
ENSMMUP00000032950 128.68 ENSMMUG00000029376  
ENSMMUP00000034259 176.81 ENSMMUG00000011880  
ENSMMUP00000034958 123.30 ENSMMUG00000030214  
ENSMMUP00000036837 34.17 ENSMMUG00000013093  
ENSMMUP00000040168 75.26 ENSMMUG00000032117  
ENSMMUP00000040402 28.05 ENSMMUG00000032181  
ENSMMUP00000040403 26.74 ENSMMUG00000032182  
ENSMMUP00000041254 55.30 ENSMMUG00000000128  
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ENSMMUP00000019450 290.83 ENSMMUG00000014813 ABCA12 
ENSMMUP00000021279 573.35 ENSMMUG00000016191 ABCA13 
ENSMMUP00000003495 179.05 ENSMMUG00000018286 ABCA15 
ENSMMUP00000028231 272.19 ENSMMUG00000021434 ABCA2 
ENSMMUP00000018213 259.97 ENSMMUG00000013858 ABCA4 
ENSMMUP00000020070 234.35 ENSMMUG00000015303 ABCA7 
ENSMMUP00000010874 154.16 ENSMMUG00000008290 ABCC11 
ENSMMUP00000002942 151.66 ENSMMUG00000002201 ABCC12 
ENSMMUP00000019117 33.55 ENSMMUG00000014557 ABHD11 
ENSMMUP00000020586 63.18 ENSMMUG00000015686 ABHD16A 
ENSMMUP00000004053 41.81 ENSMMUG00000003040 ACAA2 
ENSMMUP00000012252 259.96 ENSMMUG00000009349 ACACA 
ENSMMUP00000029890 145.79 ENSMMUG00000022698 ACACB 
ENSMMUP00000020686 119.06 ENSMMUG00000015754 ACAD10 
ENSMMUP00000009312 44.84 ENSMMUG00000007107 ACAD8 
ENSMMUP00000008358 68.92 ENSMMUG00000006338 ACAD9 
ENSMMUP00000009469 50.39 ENSMMUG00000007220 ACADM 
ENSMMUP00000027174 44.35 ENSMMUG00000020648 ACADS 
ENSMMUP00000013817 72.76 ENSMMUG00000010538 ACADVL 
ENSMMUP00000017196 85.86 ENSMMUG00000013092 ACAP2 
ENSMMUP00000026920 76.67 ENSMMUG00000020442 ACCN3 
ENSMMUP00000016555 140.81 ENSMMUG00000012608 ACE 
ENSMMUP00000017040 151.88 ENSMMUG00000012979 ACIN1 
ENSMMUP00000024909 65.27 ENSMMUG00000018931 ACLY 
ENSMMUP00000001942 85.35 ENSMMUG00000001454 ACO2 
429 
ENSMMUP00000009010 52.92 ENSMMUG00000006855 ACOT2 
ENSMMUP00000005471 41.90 ENSMMUG00000004094 ACOT7 
ENSMMUP00000007394 43.64 ENSMMUG00000005592 ACR 
ENSMMUP00000022339 61.52 ENSMMUG00000016983 ACRBP 
ENSMMUP00000024921 69.10 ENSMMUG00000018937 ACSBG2 
ENSMMUP00000015972 77.90 ENSMMUG00000012177 ACSL1 
ENSMMUP00000022230 68.24 ENSMMUG00000016909 ACSL6 
ENSMMUP00000027114 74.73 ENSMMUG00000020597 ACSS1 
ENSMMUP00000023580 80.19 ENSMMUG00000017932 ACSS2 
ENSMMUP00000012328 41.74 ENSMMUG00000009425 ACTB 
ENSMMUP00000009222 42.02 ENSMMUG00000007027 ACTC1 
ENSMMUP00000025431 48.71 ENSMMUG00000019355 ACTL7A 
ENSMMUP00000001111 45.74 ENSMMUG00000000818 ACTL9 
ENSMMUP00000008470 104.86 ENSMMUG00000006429 ACTN4 
ENSMMUP00000015668 42.62 ENSMMUG00000011949 ACTR1A 
ENSMMUP00000016190 41.48 ENSMMUG00000012334 ACTRT2 
ENSMMUP00000028801 46.90 ENSMMUG00000021874 ACTRT3 
ENSMMUP00000004194 82.40 ENSMMUG00000003137 ADAM2 
ENSMMUP00000032138 88.35 ENSMMUG00000029007 ADAM32 
ENSMMUP00000010384 85.82 ENSMMUG00000007909 ADAM7 
ENSMMUP00000018329 214.95 ENSMMUG00000013942 ADAMTS20 
ENSMMUP00000000360 216.55 ENSMMUG00000000265 ADAMTS9 
ENSMMUP00000017977 188.77 ENSMMUG00000013670 ADAMTSL3 
ENSMMUP00000035284 122.63 ENSMMUG00000006421 ADCY1 
ENSMMUP00000013610 186.02 ENSMMUG00000010380 ADCY10 
ENSMMUP00000004729 39.59 ENSMMUG00000003552 ADH5 
ENSMMUP00000003612 26.24 ENSMMUG00000002684 ADIPOQ 
ENSMMUP00000030069 131.30 ENSMMUG00000022836 AFF3 
ENSMMUP00000027808 90.22 ENSMMUG00000021125 AFG3L2 
ENSMMUP00000021554 252.98 ENSMMUG00000016408 AHCTF1 
ENSMMUP00000029354 304.68 ENSMMUG00000022301 AHNAK 
ENSMMUP00000037351 479.98 ENSMMUG00000022301 AHNAK 
ENSMMUP00000023130 39.53 ENSMMUG00000017567 AHSG 
ENSMMUP00000006569 66.29 ENSMMUG00000004954 AIFM1 
ENSMMUP00000018395 21.62 ENSMMUG00000013998 AK1 
ENSMMUP00000008266 25.62 ENSMMUG00000006284 AK2 
ENSMMUP00000000191 25.48 ENSMMUG00000000143 AK3 
ENSMMUP00000004532 82.85 ENSMMUG00000003397 AK7 
ENSMMUP00000012974 54.74 ENSMMUG00000009916 AK8 
ENSMMUP00000027397 94.65 ENSMMUG00000020812 AKAP3 
ENSMMUP00000030361 64.47 ENSMMUG00000023060 AKAP4 
ENSMMUP00000041059 23.52 ENSMMUG00000023060 AKAP4 
ENSMMUP00000003167 451.52 ENSMMUG00000002364 AKAP9 
ENSMMUP00000005100 68.87 ENSMMUG00000003827 ALB 
ENSMMUP00000017493 54.80 ENSMMUG00000013303 ALDH1A1 
ENSMMUP00000025444 57.01 ENSMMUG00000019368 ALDH5A1 
ENSMMUP00000020979 53.50 ENSMMUG00000015946 ALDH9A1 
ENSMMUP00000001319 39.43 ENSMMUG00000000983 ALDOA 
ENSMMUP00000026743 39.44 ENSMMUG00000020322 ALDOC 
ENSMMUP00000003771 410.41 ENSMMUG00000002819 ALMS1 
ENSMMUP00000008726 182.68 ENSMMUG00000006635 ALPK2 
ENSMMUP00000013679 201.19 ENSMMUG00000010434 ALPK3 
ENSMMUP00000002960 57.46 ENSMMUG00000002217 ALPL 
ENSMMUP00000019329 205.01 ENSMMUG00000014726 ANK1 
ENSMMUP00000034878 431.71 ENSMMUG00000008633 ANK2 
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ENSMMUP00000004790 479.83 ENSMMUG00000003589 ANK3 
ENSMMUP00000006783 122.06 ENSMMUG00000005120 ANKIB1 
ENSMMUP00000022568 297.22 ENSMMUG00000017161 ANKRD11 
ENSMMUP00000041324 232.42 ENSMMUG00000022097 ANKRD12 
ENSMMUP00000026347 33.43 ENSMMUG00000020032 ANKRD2 
ENSMMUP00000021541 195.36 ENSMMUG00000016403 ANKRD26 
ENSMMUP00000029539 125.14 ENSMMUG00000016403 ANKRD26 
ENSMMUP00000021332 131.08 ENSMMUG00000016232 ANO8 
ENSMMUP00000019645 109.91 ENSMMUG00000014983 ANPEP 
ENSMMUP00000016637 38.73 ENSMMUG00000012667 ANXA1 
ENSMMUP00000015738 38.61 ENSMMUG00000012000 ANXA2 
ENSMMUP00000001151 36.02 ENSMMUG00000000857 ANXA4 
ENSMMUP00000012054 35.65 ENSMMUG00000009194 ANXA5 
ENSMMUP00000027707 74.95 ENSMMUG00000021053 ANXA6 
ENSMMUP00000028164 104.60 ENSMMUG00000021380 AP1B1 
ENSMMUP00000014261 92.02 ENSMMUG00000010878 AP1G1 
ENSMMUP00000000446 300.08 ENSMMUG00000000330 APC 
ENSMMUP00000008795 25.31 ENSMMUG00000006685 APCS 
ENSMMUP00000021209 30.74 ENSMMUG00000016125 APOA4 
ENSMMUP00000010112 515.30 ENSMMUG00000007692 APOB 
ENSMMUP00000021250 28.16 ENSMMUG00000016169 APOBEC1 
ENSMMUP00000039362 37.14 ENSMMUG00000001545 AQP7 
ENSMMUP00000003127 176.07 ENSMMUG00000002337 AQR 
ENSMMUP00000024331 41.74 ENSMMUG00000018490 ARFIP1 
ENSMMUP00000005432 76.73 ENSMMUG00000004063 ARHGAP22 
ENSMMUP00000010937 84.32 ENSMMUG00000008341 ARHGAP24 
ENSMMUP00000008404 142.80 ENSMMUG00000006369 ARHGAP29 
ENSMMUP00000003962 183.38 ENSMMUG00000002963 ARHGAP32 
ENSMMUP00000004198 222.31 ENSMMUG00000003139 ARHGEF17 
ENSMMUP00000006756 116.24 ENSMMUG00000005092 ARHGEF2 
ENSMMUP00000018110 87.23 ENSMMUG00000013768 ARHGEF6 
ENSMMUP00000002093 60.78 ENSMMUG00000001568 ARID3B 
ENSMMUP00000027359 43.90 ENSMMUG00000020786 ARID3C 
ENSMMUP00000004681 142.73 ENSMMUG00000003514 ARID4A 
ENSMMUP00000009358 133.42 ENSMMUG00000007141 ARID4B 
ENSMMUP00000009124 36.22 ENSMMUG00000013098 ARK1B10 
ENSMMUP00000013614 96.34 ENSMMUG00000010384 ARMC3 
ENSMMUP00000027190 115.61 ENSMMUG00000020661 ARMC4 
ENSMMUP00000003744 73.87 ENSMMUG00000021285 ARMC8 
ENSMMUP00000031950 35.50 ENSMMUG00000028922 ARRDC5 
ENSMMUP00000022560 104.68 ENSMMUG00000017153 ARVCF 
ENSMMUP00000000338 409.63 ENSMMUG00000000245 ASPM 
ENSMMUP00000005561 338.22 ENSMMUG00000004153 ATM 
ENSMMUP00000015784 127.05 ENSMMUG00000012032 ATP13A3 
ENSMMUP00000010673 112.91 ENSMMUG00000008151 ATP1A1 
ENSMMUP00000023453 109.50 ENSMMUG00000017836 ATP1A4 
ENSMMUP00000002322 111.28 ENSMMUG00000001739 ATP2A2 
ENSMMUP00000027791 136.39 ENSMMUG00000021116 ATP2B4 
ENSMMUP00000004753 59.75 ENSMMUG00000003570 ATP5A1 
ENSMMUP00000035315 56.40 ENSMMUG00000030356 ATP5B 
ENSMMUP00000012071 33.08 ENSMMUG00000009207 ATP5C1 
ENSMMUP00000004417 28.78 ENSMMUG00000003313 ATP5F1 
ENSMMUP00000020340 23.25 ENSMMUG00000015504 ATP5O 
ENSMMUP00000023328 129.51 ENSMMUG00000017733 ATP8A1 
ENSMMUP00000021425 101.18 ENSMMUG00000016312 ATP8B2 
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ENSMMUP00000030757 139.18 ENSMMUG00000023364 ATP8B2 
ENSMMUP00000001233 115.89 ENSMMUG00000000918 ATP9A 
ENSMMUP00000010409 301.78 ENSMMUG00000007927 ATR 
ENSMMUP00000029719 282.30 ENSMMUG00000022574 ATRX 
ENSMMUP00000020756 35.61 ENSMMUG00000015798 AUH 
ENSMMUP00000000813 101.09 ENSMMUG00000000605 AXIN1 
ENSMMUP00000024974 175.98 ENSMMUG00000018984 BAHCC1 
ENSMMUP00000019759 178.54 ENSMMUG00000015074 BAZ1A 
ENSMMUP00000035371 171.05 ENSMMUG00000014270 BAZ1B 
ENSMMUP00000025402 211.56 ENSMMUG00000019332 BAZ2A 
ENSMMUP00000031538 44.20 ENSMMUG00000010079 BCAT2 
ENSMMUP00000037625 47.47 ENSMMUG00000006740 BCS1L 
ENSMMUP00000002705 38.13 ENSMMUG00000002021 BDH1 
ENSMMUP00000010826 52.82 ENSMMUG00000008264 BFAR 
ENSMMUP00000012271 525.48 ENSMMUG00000009367 BIRC6 
ENSMMUP00000029010 330.22 ENSMMUG00000022027 BOD1L1 
ENSMMUP00000034386 207.78 ENSMMUG00000001329 BRCA1 
ENSMMUP00000000744 133.12 ENSMMUG00000000553 BRD1 
ENSMMUP00000011148 262.93 ENSMMUG00000008504 BRWD1 
ENSMMUP00000014099 199.48 ENSMMUG00000010763 BRWD3 
ENSMMUP00000024655 41.73 ENSMMUG00000018740 BSG 
ENSMMUP00000019089 412.66 ENSMMUG00000014537 BSN 
ENSMMUP00000026111 38.16 ENSMMUG00000019858 BTNL8 
ENSMMUP00000012638 83.49 ENSMMUG00000009663 C10orf90 
ENSMMUP00000029020 42.47 ENSMMUG00000022034 C11H12orf10 
ENSMMUP00000036772 35.12 ENSMMUG00000011649 C11ORF54 
ENSMMUP00000037636 43.71 ENSMMUG00000031218 C12H2orf62 
ENSMMUP00000020850 48.08 ENSMMUG00000015859 C12orf50 
ENSMMUP00000025811 136.18 ENSMMUG00000019643 C12orf55 
ENSMMUP00000016800 27.53 ENSMMUG00000012788 C12orf60 
ENSMMUP00000021702 128.84 ENSMMUG00000016515 C14ORF106 
ENSMMUP00000011533 56.66 ENSMMUG00000008792 C14orf118 
ENSMMUP00000011115 58.68 ENSMMUG00000008477 C14ORF93 
ENSMMUP00000020832 26.62 ENSMMUG00000015844 C15H9orf135 
ENSMMUP00000020894 22.78 ENSMMUG00000015891 C16ORF80 
ENSMMUP00000014448 64.43 ENSMMUG00000011034 C17orf47 
ENSMMUP00000001693 67.56 ENSMMUG00000001269 C17orf80 
ENSMMUP00000017533 33.87 ENSMMUG00000013341 C1orf228 
ENSMMUP00000013170 36.48 ENSMMUG00000010072 C1orf56 
ENSMMUP00000002624 26.85 ENSMMUG00000001966 C1orf68 
ENSMMUP00000031174 278.77 ENSMMUG00000023674 C1ORF84 
ENSMMUP00000018889 119.51 ENSMMUG00000014380 C20ORF132 
ENSMMUP00000037413 141.02 ENSMMUG00000011429 C20orf26 
ENSMMUP00000009225 58.48 ENSMMUG00000007030 C2CD2 
ENSMMUP00000014743 218.52 ENSMMUG00000010321 C2CD3 
ENSMMUP00000036657 226.09 ENSMMUG00000030890 C2orf16 
ENSMMUP00000011399 67.29 ENSMMUG00000008693 C3 
ENSMMUP00000035705 27.93 ENSMMUG00000005272 C3H21orf33 
ENSMMUP00000039939 82.91 ENSMMUG00000000907 C3ORF15 
ENSMMUP00000019527 64.45 ENSMMUG00000014876 C3orf17 
ENSMMUP00000023934 27.66 ENSMMUG00000018195 C3ORF33 
ENSMMUP00000024120 51.15 ENSMMUG00000018343 C4H6orf211 
ENSMMUP00000015591 72.65 ENSMMUG00000011877 C6H5orf34 
ENSMMUP00000027838 34.26 ENSMMUG00000021143 C7H15orf26 
ENSMMUP00000007523 68.24 ENSMMUG00000005701 C7orf31 
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ENSMMUP00000024206 62.89 ENSMMUG00000018402 C7ORF43 
ENSMMUP00000035442 23.69 ENSMMUG00000030395 C7ORF61 
ENSMMUP00000006149 48.24 ENSMMUG00000004573 C8orf34 
ENSMMUP00000026132 63.30 ENSMMUG00000019878 C9 
ENSMMUP00000014309 17.87 ENSMMUG00000010907 C9H10orf82 
ENSMMUP00000016099 200.19 ENSMMUG00000012266 C9orf174 
ENSMMUP00000013034 47.32 ENSMMUG00000009965 C9orf50 
ENSMMUP00000027857 19.26 ENSMMUG00000021158 C9orf9 
ENSMMUP00000019548 29.27 ENSMMUG00000014891 CA2 
ENSMMUP00000010395 35.35 ENSMMUG00000007917 CA4 
ENSMMUP00000006791 44.72 ENSMMUG00000005125 CABLES1 
ENSMMUP00000005818 41.11 ENSMMUG00000004346 CABYR 
ENSMMUP00000004736 237.19 ENSMMUG00000003555 CACNA1A 
ENSMMUP00000012043 250.72 ENSMMUG00000009187 CACNA1B 
ENSMMUP00000019039 259.87 ENSMMUG00000014498 CACNA1E 
ENSMMUP00000022706 262.91 ENSMMUG00000017256 CACNA1G 
ENSMMUP00000006485 229.73 ENSMMUG00000004878 CACNA1I 
ENSMMUP00000028371 145.77 ENSMMUG00000021543 CADPS2 
ENSMMUP00000005869 48.11 ENSMMUG00000004392 CALR 
ENSMMUP00000016024 168.28 ENSMMUG00000012218 CAMSAP1L1 
ENSMMUP00000010884 136.38 ENSMMUG00000008300 CAND1 
ENSMMUP00000001789 122.76 ENSMMUG00000001339 CAND2 
ENSMMUP00000012041 51.60 ENSMMUG00000009188 CAP1 
ENSMMUP00000017716 81.96 ENSMMUG00000013475 CAPN1 
ENSMMUP00000001812 125.64 ENSMMUG00000001359 CAPRIN2 
ENSMMUP00000009051 30.26 ENSMMUG00000006894 CAPZB 
ENSMMUP00000028510 134.74 ENSMMUG00000021650 CARD11 
ENSMMUP00000003806 112.96 ENSMMUG00000002842 CARD14 
ENSMMUP00000020159 83.55 ENSMMUG00000015377 CASC1 
ENSMMUP00000024183 27.59 ENSMMUG00000018392 CASP14 
ENSMMUP00000012034 222.78 ENSMMUG00000009182 CASP8A92 
ENSMMUP00000010355 117.50 ENSMMUG00000007886 CASR 
ENSMMUP00000026275 111.79 ENSMMUG00000019981 CASZ1 
ENSMMUP00000003264 59.94 ENSMMUG00000002429 CAT 
ENSMMUP00000020940 25.38 ENSMMUG00000015921 CBR4 
ENSMMUP00000001056 217.91 ENSMMUG00000000783 CCDC108 
ENSMMUP00000011862 62.10 ENSMMUG00000009049 CCDC11 
ENSMMUP00000012602 139.95 ENSMMUG00000009625 CCDC136 
ENSMMUP00000008812 99.85 ENSMMUG00000006696 CCDC146 
ENSMMUP00000035664 103.14 ENSMMUG00000015339 CCDC147 
ENSMMUP00000015271 70.85 ENSMMUG00000011637 CCDC148 
ENSMMUP00000027775 73.70 ENSMMUG00000021102 CCDC154 
ENSMMUP00000027521 108.39 ENSMMUG00000020916 CCDC158 
ENSMMUP00000021987 141.66 ENSMMUG00000016731 CCDC171 
ENSMMUP00000015030 16.03 ENSMMUG00000011458 CCDC25 
ENSMMUP00000012536 107.28 ENSMMUG00000009588 CCDC40 
ENSMMUP00000007452 112.91 ENSMMUG00000005637 CCDC46 
ENSMMUP00000013188 59.56 ENSMMUG00000010087 CCDC60 
ENSMMUP00000004388 53.07 ENSMMUG00000003297 CCDC63 
ENSMMUP00000009152 57.15 ENSMMUG00000006970 CCDC65 
ENSMMUP00000003768 97.05 ENSMMUG00000002818 CCDC66 
ENSMMUP00000008767 70.89 ENSMMUG00000006665 CCDC67 
ENSMMUP00000017140 66.37 ENSMMUG00000013045 CCDC81 
ENSMMUP00000039489 66.70 ENSMMUG00000010214 CCIN 
ENSMMUP00000017531 110.59 ENSMMUG00000013334 CCP110 
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ENSMMUP00000014150 87.38 ENSMMUG00000010798 CCPG1 
ENSMMUP00000014181 57.49 ENSMMUG00000010820 CCT2 
ENSMMUP00000038741 60.53 ENSMMUG00000019034 CCT3 
ENSMMUP00000004237 53.66 ENSMMUG00000013973 CCT4 
ENSMMUP00000026476 59.67 ENSMMUG00000020112 CCT5 
ENSMMUP00000020026 58.34 ENSMMUG00000015272 CCT6A 
ENSMMUP00000016341 59.36 ENSMMUG00000012448 CCT7 
ENSMMUP00000004035 59.37 ENSMMUG00000003023 CCT8 
ENSMMUP00000018901 92.25 ENSMMUG00000014389 CDC5L 
ENSMMUP00000026100 89.04 ENSMMUG00000019846 CDH9 
ENSMMUP00000030613 215.50 ENSMMUG00000023255 CDK5RAP2 
ENSMMUP00000006707 105.04 ENSMMUG00000005063 CDKL5 
ENSMMUP00000033450 45.41 ENSMMUG00000010687 CELF6 
ENSMMUP00000025098 302.18 ENSMMUG00000019089 CENPE 
ENSMMUP00000020521 357.04 ENSMMUG00000015634 CENPF 
ENSMMUP00000012986 133.42 ENSMMUG00000009925 CEP135 
ENSMMUP00000012871 148.17 ENSMMUG00000009829 CEP152 
ENSMMUP00000003376 211.95 ENSMMUG00000002512 CEP192 
ENSMMUP00000009621 281.00 ENSMMUG00000007335 CEP250 
ENSMMUP00000020858 290.59 ENSMMUG00000015862 CEP290 
ENSMMUP00000002849 351.05 ENSMMUG00000002135 CEP350 
ENSMMUP00000017073 76.24 ENSMMUG00000013003 CEP78 
ENSMMUP00000014766 168.51 ENSMMUG00000011269 CFTR 
ENSMMUP00000006853 148.97 ENSMMUG00000005179 CGNL1 
ENSMMUP00000015471 169.45 ENSMMUG00000011782 CHD2 
ENSMMUP00000026935 302.43 ENSMMUG00000020458 CHD6 
ENSMMUP00000015218 336.09 ENSMMUG00000011584 CHD7 
ENSMMUP00000033135 251.09 ENSMMUG00000015002 CHD8 
ENSMMUP00000021427 326.19 ENSMMUG00000016310 CHD9 
ENSMMUP00000025315 65.28 ENSMMUG00000019266 CHDH 
ENSMMUP00000038337 73.20 ENSMMUG00000015468 CHFR 
ENSMMUP00000017413 85.51 ENSMMUG00000013242 CHPF 
ENSMMUP00000025836 54.09 ENSMMUG00000019663 CHST7 
ENSMMUP00000015506 90.50 ENSMMUG00000011819 CHSY1 
ENSMMUP00000038767 23.62 ENSMMUG00000031593 CIP29 
ENSMMUP00000030293 51.60 ENSMMUG00000023006 CIR1 
ENSMMUP00000026062 12.20 ENSMMUG00000019823 CISD1 
ENSMMUP00000026115 231.54 ENSMMUG00000019861 CIT 
ENSMMUP00000008487 56.02 ENSMMUG00000006438 CKAP4 
ENSMMUP00000004848 202.35 ENSMMUG00000003631 CKAP5 
ENSMMUP00000003244 28.76 ENSMMUG00000002416 CLIC4 
ENSMMUP00000028874 160.96 ENSMMUG00000021928 CLIP1 
ENSMMUP00000000917 94.20 ENSMMUG00000000681 CLMN 
ENSMMUP00000007183 189.91 ENSMMUG00000010509 CLTC 
ENSMMUP00000028339 57.28 ENSMMUG00000021516 CLU 
ENSMMUP00000027284 310.03 ENSMMUG00000020733 CMYA5 
ENSMMUP00000028818 23.20 ENSMMUG00000021885 CNO 
ENSMMUP00000016639 268.94 ENSMMUG00000012668 CNTRL 
ENSMMUP00000000339 126.44 ENSMMUG00000000246 COBL 
ENSMMUP00000012305 128.18 ENSMMUG00000009400 COBLL1 
ENSMMUP00000007735 83.24 ENSMMUG00000005877 COG2 
ENSMMUP00000005488 181.09 ENSMMUG00000004103 COL11A1 
ENSMMUP00000005143 166.60 ENSMMUG00000003850 COL11A2 
ENSMMUP00000025312 330.70 ENSMMUG00000019261 COL12A1 
ENSMMUP00000007553 58.84 ENSMMUG00000005716 COL13A1 
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ENSMMUP00000003490 193.68 ENSMMUG00000002595 COL14A1 
ENSMMUP00000030805 158.10 ENSMMUG00000023398 COL16A1 
ENSMMUP00000017392 151.35 ENSMMUG00000015325 COL17A1 
ENSMMUP00000001955 139.30 ENSMMUG00000001467 COL1A1 
ENSMMUP00000015024 134.52 ENSMMUG00000011444 COL2A1 
ENSMMUP00000036033 110.38 ENSMMUG00000022280 COL4A1 
ENSMMUP00000028041 145.94 ENSMMUG00000021290 COL5A2 
ENSMMUP00000018478 320.97 ENSMMUG00000014049 COL6A3 
ENSMMUP00000019291 287.26 ENSMMUG00000014699 COL7A1 
ENSMMUP00000028777 139.75 ENSMMUG00000021854 COPA 
ENSMMUP00000004072 102.22 ENSMMUG00000003051 COPB2 
ENSMMUP00000029369 46.27 ENSMMUG00000022312 COPS4 
ENSMMUP00000008898 19.70 ENSMMUG00000006763 COX4I1 
ENSMMUP00000013775 164.83 ENSMMUG00000010508 CPS1 
ENSMMUP00000004173 87.16 ENSMMUG00000003121 CPT1B 
ENSMMUP00000009988 73.78 ENSMMUG00000007606 CPT2 
ENSMMUP00000015453 70.72 ENSMMUG00000011767 CRAT 
ENSMMUP00000028431 21.40 ENSMMUG00000021587 CRH 
ENSMMUP00000005602 28.65 ENSMMUG00000004190 CRISP1 
ENSMMUP00000009591 228.10 ENSMMUG00000007315 CROCC 
ENSMMUP00000039909 35.24 ENSMMUG00000014593 CRYZ 
ENSMMUP00000040439 388.67 ENSMMUG00000002741 CSMD2 
ENSMMUP00000009651 406.56 ENSMMUG00000007342 CSMD3 
ENSMMUP00000037657 45.68 ENSMMUG00000031224 CSNK2A1 
ENSMMUP00000020899 37.27 ENSMMUG00000015892 CSNK2A2 
ENSMMUP00000006998 24.94 ENSMMUG00000005294 CSNK2B 
ENSMMUP00000039156 56.82 ENSMMUG00000031732 CSPG5 
ENSMMUP00000027809 91.66 ENSMMUG00000021121 CTAGE5 
ENSMMUP00000035808 99.79 ENSMMUG00000016902 CTNNA3 
ENSMMUP00000022502 66.77 ENSMMUG00000017101 CTPS 
ENSMMUP00000037501 88.93 ENSMMUG00000022259 CUL3 
ENSMMUP00000002393 90.96 ENSMMUG00000001800 CUL5 
ENSMMUP00000028271 163.22 ENSMMUG00000021461 CUX1 
ENSMMUP00000028310 111.05 ENSMMUG00000021491 CXorf22 
ENSMMUP00000009366 35.25 ENSMMUG00000007149 CYC1 
ENSMMUP00000027734 123.49 ENSMMUG00000021070 DAAM1 
ENSMMUP00000025077 123.64 ENSMMUG00000019072 DAAM2 
ENSMMUP00000006170 117.60 ENSMMUG00000004639 DAB2IP 
ENSMMUP00000022443 160.15 ENSMMUG00000017053 DAPK1 
ENSMMUP00000010123 53.47 ENSMMUG00000007706 DBT 
ENSMMUP00000018431 142.19 ENSMMUG00000014024 DCHS2 
ENSMMUP00000030718 80.62 ENSMMUG00000023339 DCST1 
ENSMMUP00000020483 136.89 ENSMMUG00000015610 DCTN1 
ENSMMUP00000014805 44.70 ENSMMUG00000011292 DCTN2 
ENSMMUP00000003622 123.92 ENSMMUG00000002691 DDB1 
ENSMMUP00000011581 36.18 ENSMMUG00000008836 DDOST 
ENSMMUP00000011057 95.61 ENSMMUG00000008432 DDX23 
ENSMMUP00000010198 95.82 ENSMMUG00000007763 DDX24 
ENSMMUP00000023504 96.82 ENSMMUG00000017881 DDX26B 
ENSMMUP00000029149 67.40 ENSMMUG00000022142 DDX53 
ENSMMUP00000016338 106.55 ENSMMUG00000012442 DDX58 
ENSMMUP00000008760 35.99 ENSMMUG00000006663 DECR1 
ENSMMUP00000016759 11.42 ENSMMUG00000012757 DEFB126 
ENSMMUP00000007406 70.59 ENSMMUG00000005600 DENND1C 
ENSMMUP00000006625 151.50 ENSMMUG00000005002 DENND4B 
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ENSMMUP00000027837 146.88 ENSMMUG00000021142 DENND5A 
ENSMMUP00000003412 61.28 ENSMMUG00000002535 DEPDC7 
ENSMMUP00000004508 78.84 ENSMMUG00000003385 DHX35 
ENSMMUP00000015836 139.10 ENSMMUG00000012071 DHX8 
ENSMMUP00000027456 126.47 ENSMMUG00000020862 DIAPH2 
ENSMMUP00000032603 218.52 ENSMMUG00000023305 DICER1 
ENSMMUP00000025365 243.88 ENSMMUG00000019310 DIDO1 
ENSMMUP00000020757 167.38 ENSMMUG00000015797 DIP2A 
ENSMMUP00000001068 109.40 ENSMMUG00000000787 DIS3 
ENSMMUP00000036701 68.94 ENSMMUG00000017568 DLAT 
ENSMMUP00000008640 54.21 ENSMMUG00000006564 DLD 
ENSMMUP00000010398 100.94 ENSMMUG00000007921 DLG2 
ENSMMUP00000013811 79.49 ENSMMUG00000010536 DLG4 
ENSMMUP00000035872 202.30 ENSMMUG00000009128 DLG5 
ENSMMUP00000005696 48.92 ENSMMUG00000004260 DLST 
ENSMMUP00000025426 426.28 ENSMMUG00000019345 DMD 
ENSMMUP00000022331 485.81 ENSMMUG00000016974 DNAH1 
ENSMMUP00000012074 94.11 ENSMMUG00000009211 DNAH10 
ENSMMUP00000029903 522.30 ENSMMUG00000022764 DNAH11 
ENSMMUP00000010799 92.99 ENSMMUG00000008239 DNAH17 
ENSMMUP00000010694 510.27 ENSMMUG00000008166 DNAH2 
ENSMMUP00000022026 326.56 ENSMMUG00000016753 DNAH3 
ENSMMUP00000014437 529.79 ENSMMUG00000011026 DNAH5 
ENSMMUP00000025136 242.47 ENSMMUG00000019116 DNAH6 
ENSMMUP00000007434 461.30 ENSMMUG00000005622 DNAH7 
ENSMMUP00000030786 536.40 ENSMMUG00000023381 DNAH8 
ENSMMUP00000027346 77.76 ENSMMUG00000020777 DNAI1 
ENSMMUP00000027595 68.65 ENSMMUG00000020974 DNAI2 
ENSMMUP00000018664 47.93 ENSMMUG00000014204 DNAJA4 
ENSMMUP00000006228 59.54 ENSMMUG00000004686 DNAJC11 
ENSMMUP00000021055 254.36 ENSMMUG00000016005 DNAJC13 
ENSMMUP00000019170 160.61 ENSMMUG00000014604 DNMT1 
ENSMMUP00000023570 53.43 ENSMMUG00000017929 DNPEP 
ENSMMUP00000024404 214.60 ENSMMUG00000018547 DOCK1 
ENSMMUP00000005723 231.73 ENSMMUG00000004273 DOCK3 
ENSMMUP00000003872 224.78 ENSMMUG00000002894 DOCK4 
ENSMMUP00000010535 213.65 ENSMMUG00000008028 DOCK5 
ENSMMUP00000003136 226.37 ENSMMUG00000002340 DOCK7 
ENSMMUP00000013215 175.20 ENSMMUG00000010107 DOT1L 
ENSMMUP00000021670 56.72 ENSMMUG00000029101 DPEP3 
ENSMMUP00000014207 60.13 ENSMMUG00000010842 DPY19L3 
ENSMMUP00000010078 100.19 ENSMMUG00000007668 DSC3 
ENSMMUP00000006846 194.15 ENSMMUG00000005174 DSCAM 
ENSMMUP00000010242 195.73 ENSMMUG00000007794 DSCAML1 
ENSMMUP00000029895 114.16 ENSMMUG00000022703 DSG1 
ENSMMUP00000019406 331.67 ENSMMUG00000014784 DSP 
ENSMMUP00000001071 857.55 ENSMMUG00000000777 DST 
ENSMMUP00000018130 18.38 ENSMMUG00000013786 DSTN 
ENSMMUP00000011470 176.93 ENSMMUG00000008752 DUOX1 
ENSMMUP00000007635 531.13 ENSMMUG00000005780 DYNC1H1 
ENSMMUP00000001597 10.37 ENSMMUG00000001194 DYNLL1 
ENSMMUP00000036486 112.72 ENSMMUG00000007176 DYSF 
ENSMMUP00000038845 91.12 ENSMMUG00000018955 ECE2 
ENSMMUP00000019584 27.11 ENSMMUG00000014927 ECH1 
ENSMMUP00000025280 33.06 ENSMMUG00000019237 ECI1 
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ENSMMUP00000034486 40.05 ENSMMUG00000014021 ECI2 
ENSMMUP00000006451 50.14 ENSMMUG00000004852 EEF1A1 
ENSMMUP00000008675 50.09 ENSMMUG00000006598 EEF1G 
ENSMMUP00000029973 95.33 ENSMMUG00000022767 EEF2 
ENSMMUP00000034249 110.46 ENSMMUG00000010588 EFCAB13 
ENSMMUP00000015887 132.66 ENSMMUG00000012118 EFCAB5 
ENSMMUP00000007615 155.63 ENSMMUG00000005769 EFCAB6 
ENSMMUP00000036938 131.75 ENSMMUG00000005769 EFCAB6 
ENSMMUP00000024787 91.24 ENSMMUG00000018836 EFHB 
ENSMMUP00000018038 73.91 ENSMMUG00000013716 EFHC1 
ENSMMUP00000021523 86.99 ENSMMUG00000016391 EFHC2 
ENSMMUP00000013132 129.11 ENSMMUG00000010043 EGF 
ENSMMUP00000029470 119.39 ENSMMUG00000022394 EGFR 
ENSMMUP00000021920 139.99 ENSMMUG00000016668 EHBP1 
ENSMMUP00000005300 60.63 ENSMMUG00000003972 EHD1 
ENSMMUP00000023780 38.01 ENSMMUG00000018095 EIF2S2 
ENSMMUP00000037067 42.76 ENSMMUG00000009026 EIF3M 
ENSMMUP00000017746 46.16 ENSMMUG00000013499 EIF4A1 
ENSMMUP00000012539 46.87 ENSMMUG00000009590 EIF4A3 
ENSMMUP00000024930 138.85 ENSMMUG00000018946 EIF5B 
ENSMMUP00000030417 83.89 ENSMMUG00000023104 ELMO1 
ENSMMUP00000009012 25.92 ENSMMUG00000006857 ELSPBP1 
ENSMMUP00000006130 220.35 ENSMMUG00000004606 EML5 
ENSMMUP00000030227 47.16 ENSMMUG00000022947 ENO1 
ENSMMUP00000023322 319.60 ENSMMUG00000017729 EP400 
ENSMMUP00000014933 66.38 ENSMMUG00000011377 EPB41 
ENSMMUP00000023985 108.47 ENSMMUG00000018245 EPHA2 
ENSMMUP00000026888 91.99 ENSMMUG00000020431 EPS8 
ENSMMUP00000015706 81.26 ENSMMUG00000011973 EPX 
ENSMMUP00000014337 81.99 ENSMMUG00000010933 ERC1 
ENSMMUP00000028474 111.65 ENSMMUG00000021620 ERC2 
ENSMMUP00000018543 89.42 ENSMMUG00000018567 ERCC3 
ENSMMUP00000001266 37.81 ENSMMUG00000000943 ERLIN2 
ENSMMUP00000018289 28.94 ENSMMUG00000013916 ERP29 
ENSMMUP00000007727 49.03 ENSMMUG00000005871 ETF1 
ENSMMUP00000014462 35.08 ENSMMUG00000011045 ETFA 
ENSMMUP00000031487 37.27 ENSMMUG00000023531 ETFB 
ENSMMUP00000006177 68.44 ENSMMUG00000004644 ETFDH 
ENSMMUP00000025573 69.27 ENSMMUG00000019457 EZR 
ENSMMUP00000013414 267.57 ENSMMUG00000010245 F8 
ENSMMUP00000003650 62.42 ENSMMUG00000002714 FAAH 
ENSMMUP00000000663 15.12 ENSMMUG00000000486 FABP5 
ENSMMUP00000013445 84.42 ENSMMUG00000010273 FAM111B 
ENSMMUP00000024187 54.60 ENSMMUG00000018394 FAM154A 
ENSMMUP00000015956 36.49 ENSMMUG00000012162 FAM166A 
ENSMMUP00000005780 58.04 ENSMMUG00000004324 FAM179A 
ENSMMUP00000014234 189.46 ENSMMUG00000010860 FAM179B 
ENSMMUP00000017494 133.05 ENSMMUG00000013302 FAM184A 
ENSMMUP00000023743 116.27 ENSMMUG00000018067 FAM184B 
ENSMMUP00000012625 74.25 ENSMMUG00000009652 FAM190A 
ENSMMUP00000019580 33.78 ENSMMUG00000014924 FAM205CP 
ENSMMUP00000003770 179.95 ENSMMUG00000002820 FAM208A 
ENSMMUP00000017314 269.50 ENSMMUG00000013180 FAM208B 
ENSMMUP00000014405 65.59 ENSMMUG00000010994 FAM71B 
ENSMMUP00000002902 27.40 ENSMMUG00000002178 FAM71C 
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ENSMMUP00000028016 31.89 ENSMMUG00000021278 FAM78A 
ENSMMUP00000008307 35.97 ENSMMUG00000006307 FAM82B 
ENSMMUP00000020910 58.75 ENSMMUG00000015906 FANCE 
ENSMMUP00000021699 232.56 ENSMMUG00000016513 FANCM 
ENSMMUP00000016836 272.94 ENSMMUG00000012811 FASN 
ENSMMUP00000023724 506.04 ENSMMUG00000018051 FAT1 
ENSMMUP00000004661 479.34 ENSMMUG00000003497 FAT2 
ENSMMUP00000022058 74.62 ENSMMUG00000016775 FBF1 
ENSMMUP00000001730 77.75 ENSMMUG00000001294 FCHSD2 
ENSMMUP00000020532 53.88 ENSMMUG00000015648 FDXR 
ENSMMUP00000024868 160.96 ENSMMUG00000018901 FGD6 
ENSMMUP00000028064 49.47 ENSMMUG00000021304 FGG 
ENSMMUP00000003679 50.34 ENSMMUG00000002737 FGL2 
ENSMMUP00000007489 54.71 ENSMMUG00000005667 FH 
ENSMMUP00000005323 69.61 ENSMMUG00000003987 FHAD1 
ENSMMUP00000010397 31.89 ENSMMUG00000007922 FHL1 
ENSMMUP00000016820 384.75 ENSMMUG00000012805 FLG2 
ENSMMUP00000000959 279.87 ENSMMUG00000013668 FLNA 
ENSMMUP00000000958 277.97 ENSMMUG00000000706 FLNB 
ENSMMUP00000008290 287.81 ENSMMUG00000006296 FLNC 
ENSMMUP00000020950 68.81 ENSMMUG00000015922 FNBP1L 
ENSMMUP00000008116 126.98 ENSMMUG00000006165 FNIP1 
ENSMMUP00000000513 117.89 ENSMMUG00000000387 FRMD4B 
ENSMMUP00000007762 173.64 ENSMMUG00000005902 FRMPD1 
ENSMMUP00000015589 87.44 ENSMMUG00000011876 FSCB 
ENSMMUP00000020234 56.74 ENSMMUG00000015427 FSCN3 
ENSMMUP00000008025 112.52 ENSMMUG00000006108 FSIP2 
ENSMMUP00000012538 103.33 ENSMMUG00000009589 GAA 
ENSMMUP00000022260 141.77 ENSMMUG00000016919 GAK 
ENSMMUP00000001132 44.60 ENSMMUG00000000837 GAPDHS 
ENSMMUP00000027401 34.97 ENSMMUG00000020818 GAS2 
ENSMMUP00000003992 206.41 ENSMMUG00000002985 GBF1 
ENSMMUP00000030087 196.13 ENSMMUG00000022844 GCC2 
ENSMMUP00000011388 72.69 ENSMMUG00000008684 GCLC 
ENSMMUP00000012007 293.13 ENSMMUG00000009152 GCN1L1 
ENSMMUP00000016662 54.01 ENSMMUG00000012690 GCOM1 
ENSMMUP00000035467 120.40 ENSMMUG00000030401 GEMIN4 
ENSMMUP00000015816 102.66 ENSMMUG00000012058 GEN1 
ENSMMUP00000016476 21.02 ENSMMUG00000012550 GGCT 
ENSMMUP00000035885 35.50 ENSMMUG00000018572 GHITM 
ENSMMUP00000022823 57.46 ENSMMUG00000017343 GK 
ENSMMUP00000016124 27.12 ENSMMUG00000012289 GLIPR1L1 
ENSMMUP00000018235 24.49 ENSMMUG00000013875 GLTPD1 
ENSMMUP00000025432 153.84 ENSMMUG00000019356 GLTSCR1 
ENSMMUP00000030136 42.06 ENSMMUG00000022884 GLUL 
ENSMMUP00000026481 40.45 ENSMMUG00000020116 GNAI2 
ENSMMUP00000004809 33.39 ENSMMUG00000003604 GNB2L1 
ENSMMUP00000011036 84.13 ENSMMUG00000008419 GNL2 
ENSMMUP00000007650 77.41 ENSMMUG00000005801 GNPAT 
ENSMMUP00000028864 261.99 ENSMMUG00000021918 GOLGA4 
ENSMMUP00000017813 372.71 ENSMMUG00000013546 GOLGB1 
ENSMMUP00000013572 47.17 ENSMMUG00000010356 GOT1 
ENSMMUP00000007886 47.44 ENSMMUG00000006000 GOT2 
ENSMMUP00000025883 36.80 ENSMMUG00000019696 GPD1L 
ENSMMUP00000006506 80.83 ENSMMUG00000004897 GPD2 
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ENSMMUP00000007737 63.15 ENSMMUG00000005880 GPI 
ENSMMUP00000004283 119.32 ENSMMUG00000003204 GPR124 
ENSMMUP00000024965 654.20 ENSMMUG00000018976 GPR98 
ENSMMUP00000004113 72.12 ENSMMUG00000003081 GPSM1 
ENSMMUP00000032020 8.04 ENSMMUG00000028946 GPX4 
ENSMMUP00000012166 90.73 ENSMMUG00000009287 GRIA1 
ENSMMUP00000007584 133.40 ENSMMUG00000005744 GRIN2C 
ENSMMUP00000017094 80.57 ENSMMUG00000013020 GSN 
ENSMMUP00000010527 26.61 ENSMMUG00000008029 GSTM3 
ENSMMUP00000010814 239.11 ENSMMUG00000008254 GTF3C1 
ENSMMUP00000012146 73.96 ENSMMUG00000009270 GUF1 
ENSMMUP00000030606 42.23 ENSMMUG00000023254 HADH 
ENSMMUP00000005853 83.05 ENSMMUG00000004380 HADHA 
ENSMMUP00000005855 50.16 ENSMMUG00000004381 HADHB 
ENSMMUP00000001537 69.55 ENSMMUG00000001158 HAUS3 
ENSMMUP00000041374 15.23 ENSMMUG00000032607 HBA2 
ENSMMUP00000006468 16.11 ENSMMUG00000004867 HBB 
ENSMMUP00000023533 54.55 ENSMMUG00000017901 HDAC1 
ENSMMUP00000003848 74.14 ENSMMUG00000002877 HDC 
ENSMMUP00000019841 242.62 ENSMMUG00000015135 HEATR1 
ENSMMUP00000019309 185.34 ENSMMUG00000014716 HEATR7A 
ENSMMUP00000031900 147.04 ENSMMUG00000028901 HEATR7A 
ENSMMUP00000006344 180.65 ENSMMUG00000004774 HEATR7B2 
ENSMMUP00000022699 102.69 ENSMMUG00000017255 HELLS 
ENSMMUP00000015885 532.16 ENSMMUG00000012117 HERC1 
ENSMMUP00000005845 495.52 ENSMMUG00000004370 HERC2 
ENSMMUP00000013519 116.12 ENSMMUG00000010316 HERC5 
ENSMMUP00000005744 20.39 ENSMMUG00000004291 HINT3 
ENSMMUP00000035385 115.09 ENSMMUG00000005229 HIP1 
ENSMMUP00000029042 22.33 ENSMMUG00000022050 HIST1H1D 
ENSMMUP00000031274 22.09 ENSMMUG00000023741 HIST1H1T 
ENSMMUP00000040172 11.37 ENSMMUG00000032119 HIST1H4K 
ENSMMUP00000020072 102.09 ENSMMUG00000015302 HK1 
ENSMMUP00000013731 600.06 ENSMMUG00000010474 HMCN1 
ENSMMUP00000040437 22.82 ENSMMUG00000006238 HMGB4 
ENSMMUP00000020066 124.61 ENSMMUG00000015301 HMHA1 
ENSMMUP00000012959 36.05 ENSMMUG00000009901 HMOX2 
ENSMMUP00000024752 77.62 ENSMMUG00000018806 HNRNPM 
ENSMMUP00000010879 40.53 ENSMMUG00000008297 HOMER2 
ENSMMUP00000017538 61.36 ENSMMUG00000013342 HPSE 
ENSMMUP00000012180 27.10 ENSMMUG00000009296 HSD17B10 
ENSMMUP00000025031 32.97 ENSMMUG00000019041 HSD17B11 
ENSMMUP00000015299 45.38 ENSMMUG00000011654 HSDL2 
ENSMMUP00000029862 84.59 ENSMMUG00000022686 HSP90AB1 
ENSMMUP00000034051 70.37 ENSMMUG00000029822 HSPA1L 
ENSMMUP00000019984 94.80 ENSMMUG00000015245 HSPA4L 
ENSMMUP00000006906 72.33 ENSMMUG00000005217 HSPA5 
ENSMMUP00000006240 70.90 ENSMMUG00000004696 HSPA8 
ENSMMUP00000007731 73.65 ENSMMUG00000005875 HSPA9 
ENSMMUP00000002782 35.89 ENSMMUG00000011073 HSPCA 
ENSMMUP00000016126 58.35 ENSMMUG00000011073 HSPCA 
ENSMMUP00000013745 61.21 ENSMMUG00000010489 HSPD1 
ENSMMUP00000011008 347.10 ENSMMUG00000008392 HTT 
ENSMMUP00000008397 481.77 ENSMMUG00000006362 HUWE1 
ENSMMUP00000036656 111.20 ENSMMUG00000030891 HYOU1 
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ENSMMUP00000006157 144.36 ENSMMUG00000004628 IARS 
ENSMMUP00000010225 106.53 ENSMMUG00000007783 IARS2 
ENSMMUP00000014079 150.19 ENSMMUG00000010749 IBTK 
ENSMMUP00000030629 114.23 ENSMMUG00000023267 IDE 
ENSMMUP00000019472 50.88 ENSMMUG00000014833 IDH2 
ENSMMUP00000033388 39.62 ENSMMUG00000011838 IDH3A 
ENSMMUP00000028090 42.25 ENSMMUG00000021328 IDH3B 
ENSMMUP00000004496 39.17 ENSMMUG00000003374 IDH3G 
ENSMMUP00000004845 163.61 ENSMMUG00000000044 IFT140 
ENSMMUP00000006760 197.31 ENSMMUG00000005096 IFT172 
ENSMMUP00000007983 69.44 ENSMMUG00000006076 IFT74 
ENSMMUP00000030325 72.43 ENSMMUG00000023032 IFT81 
ENSMMUP00000008123 60.10 ENSMMUG00000015202 IGHM 
ENSMMUP00000026006 30.70 ENSMMUG00000019777 IL1A 
ENSMMUP00000039903 52.96 ENSMMUG00000000911 ILDR1 
ENSMMUP00000020799 61.16 ENSMMUG00000015824 IMMT 
ENSMMUP00000019049 57.12 ENSMMUG00000014509 IMPDH1 
ENSMMUP00000030638 104.59 ENSMMUG00000023277 INPP5B 
ENSMMUP00000009502 133.52 ENSMMUG00000007242 INTS2 
ENSMMUP00000038271 106.82 ENSMMUG00000010174 INTS7 
ENSMMUP00000017795 125.51 ENSMMUG00000013531 IPO5 
ENSMMUP00000006175 56.05 ENSMMUG00000004642 IPPK 
ENSMMUP00000022913 77.94 ENSMMUG00000017404 IQCA1 
ENSMMUP00000020273 102.14 ENSMMUG00000015458 IQCH 
ENSMMUP00000015598 189.37 ENSMMUG00000011882 IQGAP1 
ENSMMUP00000030270 178.08 ENSMMUG00000022982 IQGAP2 
ENSMMUP00000003525 179.55 ENSMMUG00000002621 IQGAP3 
ENSMMUP00000027069 160.61 ENSMMUG00000020555 IQSEC2 
ENSMMUP00000015146 92.43 ENSMMUG00000011536 IQUB 
ENSMMUP00000025189 121.08 ENSMMUG00000019167 IRS4 
ENSMMUP00000004535 14.18 ENSMMUG00000003399 ISCA1 
ENSMMUP00000038026 121.43 ENSMMUG00000019462 ITGAV 
ENSMMUP00000036314 105.16 ENSMMUG00000015954 ITIH2 
ENSMMUP00000016509 314.30 ENSMMUG00000012574 ITPR1 
ENSMMUP00000036312 63.01 ENSMMUG00000023268 ITPRIPL1 
ENSMMUP00000010021 126.17 ENSMMUG00000007626 ITSN1 
ENSMMUP00000018989 46.17 ENSMMUG00000014462 IVD 
ENSMMUP00000005363 39.20 ENSMMUG00000004019 IZUMO1 
ENSMMUP00000020543 24.51 ENSMMUG00000015660 IZUMO4 
ENSMMUP00000024423 132.07 ENSMMUG00000018566 JAK1 
ENSMMUP00000010640 106.81 ENSMMUG00000008126 JHDM1D 
ENSMMUP00000023315 284.11 ENSMMUG00000017727 JMJD1C 
ENSMMUP00000004372 72.19 ENSMMUG00000003281 JMY 
ENSMMUP00000017141 81.78 ENSMMUG00000013048 JUP 
ENSMMUP00000026116 147.10 ENSMMUG00000019862 KANK1 
ENSMMUP00000013783 87.24 ENSMMUG00000010515 KANSL1L 
ENSMMUP00000035860 230.75 ENSMMUG00000023488 KAT6B 
ENSMMUP00000030372 84.35 ENSMMUG00000023070 KAZ 
ENSMMUP00000018103 102.61 ENSMMUG00000013770 KCNB2 
ENSMMUP00000000727 58.97 ENSMMUG00000000540 KCNG4 
ENSMMUP00000011492 132.94 ENSMMUG00000008771 KDM2A 
ENSMMUP00000017247 148.14 ENSMMUG00000013124 KDM3A 
ENSMMUP00000016387 120.39 ENSMMUG00000012479 KDM4A 
ENSMMUP00000019971 173.92 ENSMMUG00000015233 KDM5B 
ENSMMUP00000010701 180.57 ENSMMUG00000008173 KDM6B 
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ENSMMUP00000004713 134.32 ENSMMUG00000003538 KIAA0196 
ENSMMUP00000021434 143.74 ENSMMUG00000016315 KIAA0368 
ENSMMUP00000005047 110.00 ENSMMUG00000003784 KIAA0753 
ENSMMUP00000025662 120.18 ENSMMUG00000019533 KIAA1210 
ENSMMUP00000016275 275.56 ENSMMUG00000012388 KIAA1409 
ENSMMUP00000021476 125.30 ENSMMUG00000016354 KIAA1683 
ENSMMUP00000036777 295.45 ENSMMUG00000008025 KIAA1731 
ENSMMUP00000027681 197.21 ENSMMUG00000021036 KIDINS220 
ENSMMUP00000014062 198.93 ENSMMUG00000010731 KIF13A 
ENSMMUP00000031026 196.96 ENSMMUG00000023565 KIF13B 
ENSMMUP00000005706 186.97 ENSMMUG00000004266 KIF14 
ENSMMUP00000030480 160.09 ENSMMUG00000023151 KIF15 
ENSMMUP00000012640 146.35 ENSMMUG00000009658 KIF16B 
ENSMMUP00000028715 190.61 ENSMMUG00000021802 KIF1A 
ENSMMUP00000002891 205.59 ENSMMUG00000002171 KIF1B 
ENSMMUP00000017723 192.08 ENSMMUG00000013485 KIF20B 
ENSMMUP00000027910 160.20 ENSMMUG00000021192 KIF21A 
ENSMMUP00000019543 98.17 ENSMMUG00000014887 KIF23 
ENSMMUP00000024639 136.52 ENSMMUG00000018726 KIF24 
ENSMMUP00000034150 81.72 ENSMMUG00000010313 KIF3A 
ENSMMUP00000015040 139.43 ENSMMUG00000011463 KIF4B 
ENSMMUP00000014813 109.89 ENSMMUG00000015058 KIF5B 
ENSMMUP00000020609 96.55 ENSMMUG00000015696 KIFC3 
ENSMMUP00000011579 119.58 ENSMMUG00000008834 KLB 
ENSMMUP00000007840 61.61 ENSMMUG00000005961 KLHL10 
ENSMMUP00000009912 250.69 ENSMMUG00000007556 KNTC1 
ENSMMUP00000021507 60.25 ENSMMUG00000016379 KPNA1 
ENSMMUP00000025988 81.37 ENSMMUG00000019760 KPNB1 
ENSMMUP00000022569 107.31 ENSMMUG00000017159 KRBA1 
ENSMMUP00000022305 65.21 ENSMMUG00000016962 KRT1 
ENSMMUP00000001994 56.49 ENSMMUG00000001500 KRT10 
ENSMMUP00000024530 48.36 ENSMMUG00000018647 KRT15 
ENSMMUP00000012953 51.55 ENSMMUG00000009893 KRT16 
ENSMMUP00000034503 51.88 ENSMMUG00000009893 KRT16 
ENSMMUP00000012954 48.04 ENSMMUG00000009895 KRT17 
ENSMMUP00000003083 65.50 ENSMMUG00000002305 KRT2 
ENSMMUP00000031061 53.83 ENSMMUG00000023592 KRT24 
ENSMMUP00000001987 49.15 ENSMMUG00000001492 KRT25 
ENSMMUP00000001990 49.74 ENSMMUG00000001497 KRT27 
ENSMMUP00000014091 47.21 ENSMMUG00000010756 KRT31 
ENSMMUP00000014089 49.52 ENSMMUG00000010757 KRT34 
ENSMMUP00000024526 47.71 ENSMMUG00000018645 KRT35 
ENSMMUP00000019643 56.09 ENSMMUG00000014984 KRT4 
ENSMMUP00000003320 62.61 ENSMMUG00000002468 KRT5 
ENSMMUP00000018916 57.28 ENSMMUG00000014400 KRT71 
ENSMMUP00000023959 59.46 ENSMMUG00000018219 KRT75 
ENSMMUP00000006647 56.12 ENSMMUG00000005021 KRT78 
ENSMMUP00000039631 50.53 ENSMMUG00000010002 KRT80 
ENSMMUP00000023954 55.18 ENSMMUG00000031925 KRT83 
ENSMMUP00000023956 55.82 ENSMMUG00000018216 KRT85 
ENSMMUP00000011205 62.34 ENSMMUG00000008543 KRT9 
ENSMMUP00000029154 340.41 ENSMMUG00000022136 LAMA2 
ENSMMUP00000005791 367.14 ENSMMUG00000004321 LAMA3 
ENSMMUP00000018124 202.69 ENSMMUG00000013782 LAMA4 
ENSMMUP00000008645 197.72 ENSMMUG00000006567 LAMB1 
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ENSMMUP00000028035 193.28 ENSMMUG00000021289 LAMB4 
ENSMMUP00000007569 56.21 ENSMMUG00000005732 LAP3 
ENSMMUP00000036329 70.31 ENSMMUG00000017033 LCP1 
ENSMMUP00000037015 36.63 ENSMMUG00000031024 LDHA 
ENSMMUP00000019180 36.56 ENSMMUG00000014614 LDHAL6A 
ENSMMUP00000016981 42.00 ENSMMUG00000012934 LDHAL6B 
ENSMMUP00000037017 36.33 ENSMMUG00000014615 LDHC 
ENSMMUP00000030787 33.86 ENSMMUG00000023385 LDLRAP1 
ENSMMUP00000026229 82.72 ENSMMUG00000019948 LETM1 
ENSMMUP00000029570 44.53 ENSMMUG00000022476 LETM2 
ENSMMUP00000019156 101.47 ENSMMUG00000014591 LIG1 
ENSMMUP00000010261 153.21 ENSMMUG00000007805 LIMCH1 
ENSMMUP00000023553 114.98 ENSMMUG00000017916 LIPE 
ENSMMUP00000036859 77.73 ENSMMUG00000030970 LMF2 
ENSMMUP00000039561 51.52 ENSMMUG00000003425 LOC695041 
ENSMMUP00000020093 124.93 ENSMMUG00000015322 LOC703670 
ENSMMUP00000006702 26.89 ENSMMUG00000005057 LOC707898 
ENSMMUP00000003339 51.70 ENSMMUG00000002483 LOC709604 
ENSMMUP00000014685 55.51 ENSMMUG00000011206 LOC710949 
ENSMMUP00000038608 328.01 ENSMMUG00000007126 LOC711721 
ENSMMUP00000036965 180.72 ENSMMUG00000007290 LOC712231 
ENSMMUP00000036597 65.93 ENSMMUG00000030864 LOC713452 
ENSMMUP00000032789 81.94 ENSMMUG00000029297 LOC713573 
ENSMMUP00000037157 164.09 ENSMMUG00000031049 LOC713845 
ENSMMUP00000001106 30.22 ENSMMUG00000000813 LOC715292 
ENSMMUP00000039005 8.03 ENSMMUG00000031667 LOC717871 
ENSMMUP00000023964 21.17 ENSMMUG00000018224 LOC718882 
ENSMMUP00000038704 34.60 ENSMMUG00000031576 LOC719765 
ENSMMUP00000002964 318.90 ENSMMUG00000002212 LRBA 
ENSMMUP00000040863 69.65 ENSMMUG00000017323 LRCH2 
ENSMMUP00000001229 93.37 ENSMMUG00000000915 LRGUK 
ENSMMUP00000028683 476.36 ENSMMUG00000021782 LRP1 
ENSMMUP00000012945 515.39 ENSMMUG00000009885 LRP1B 
ENSMMUP00000026087 158.31 ENSMMUG00000019841 LRPPRC 
ENSMMUP00000000998 53.04 ENSMMUG00000000743 LRRC14B 
ENSMMUP00000003464 133.76 ENSMMUG00000002573 LRRC16A 
ENSMMUP00000040314 40.05 ENSMMUG00000001781 LRRC23 
ENSMMUP00000020457 54.97 ENSMMUG00000015595 LRRC24 
ENSMMUP00000028813 49.84 ENSMMUG00000021879 LRRC34 
ENSMMUP00000003931 61.21 ENSMMUG00000002942 LRRC48 
ENSMMUP00000008406 110.61 ENSMMUG00000006370 LRRCC1 
ENSMMUP00000004518 69.53 ENSMMUG00000003386 LRRFIP1 
ENSMMUP00000017517 224.62 ENSMMUG00000013325 LRRK1 
ENSMMUP00000020845 230.40 ENSMMUG00000015857 LRRK2 
ENSMMUP00000013026 83.89 ENSMMUG00000009956 LRSAM1 
ENSMMUP00000018727 77.87 ENSMMUG00000014261 LTF 
ENSMMUP00000022354 38.42 ENSMMUG00000016995 LUM 
ENSMMUP00000017635 26.72 ENSMMUG00000013425 LYPD4 
ENSMMUP00000017481 21.74 ENSMMUG00000013292 LZIC 
ENSMMUP00000013784 34.46 ENSMMUG00000010516 LZTFL1 
ENSMMUP00000012513 338.04 ENSMMUG00000009562 MACF1 
ENSMMUP00000031113 60.39 ENSMMUG00000023635 MAGEE2 
ENSMMUP00000002394 121.51 ENSMMUG00000001801 MAGI2 
ENSMMUP00000012157 115.84 ENSMMUG00000009279 MAN2C1 
ENSMMUP00000025612 40.79 ENSMMUG00000019489 MAOA 
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ENSMMUP00000025615 57.33 ENSMMUG00000019492 MAOB 
ENSMMUP00000008076 168.57 ENSMMUG00000006143 MAP3K4 
ENSMMUP00000021508 149.55 ENSMMUG00000016376 MAP3K5 
ENSMMUP00000036217 117.71 ENSMMUG00000010811 MAP4K4 
ENSMMUP00000023024 147.62 ENSMMUG00000017496 MAPK8IP3 
ENSMMUP00000001080 81.05 ENSMMUG00000004122 MAPT 
ENSMMUP00000024573 81.54 ENSMMUG00000018672 MARK4 
ENSMMUP00000011453 170.72 ENSMMUG00000008740 MAST1 
ENSMMUP00000020176 196.10 ENSMMUG00000015371 MAST2 
ENSMMUP00000020171 232.01 ENSMMUG00000005357 MAST4 
ENSMMUP00000013840 80.40 ENSMMUG00000010553 MCCC1 
ENSMMUP00000027708 81.70 ENSMMUG00000021054 MCM5 
ENSMMUP00000023011 92.85 ENSMMUG00000017486 MCM6 
ENSMMUP00000031201 111.73 ENSMMUG00000023685 MDC1 
ENSMMUP00000012976 33.23 ENSMMUG00000009917 MDH2 
ENSMMUP00000024637 81.67 ENSMMUG00000018725 MDM1 
ENSMMUP00000004613 460.08 ENSMMUG00000003464 MDN1 
ENSMMUP00000028977 59.10 ENSMMUG00000022001 ME2 
ENSMMUP00000031287 239.21 ENSMMUG00000023750 MED13 
ENSMMUP00000026565 83.66 ENSMMUG00000020175 MED25 
ENSMMUP00000009556 48.06 ENSMMUG00000007292 METTL14 
ENSMMUP00000021962 116.79 ENSMMUG00000016708 MFHAS1 
ENSMMUP00000001368 212.77 ENSMMUG00000001021 MIA3 
ENSMMUP00000007251 418.83 ENSMMUG00000005482 MLL 
ENSMMUP00000020643 519.11 ENSMMUG00000015718 MLL2 
ENSMMUP00000027695 201.41 ENSMMUG00000021044 MLLT4 
ENSMMUP00000017968 65.89 ENSMMUG00000013665 MMP14 
ENSMMUP00000001286 190.36 ENSMMUG00000000956 MON2 
ENSMMUP00000020567 113.61 ENSMMUG00000015670 MOV10 
ENSMMUP00000025854 115.86 ENSMMUG00000019678 MPHOSPH9 
ENSMMUP00000013238 23.13 ENSMMUG00000010124 MRPL21 
ENSMMUP00000018698 48.31 ENSMMUG00000020972 MRPL37 
ENSMMUP00000037288 96.53 ENSMMUG00000004821 MS4A7 
ENSMMUP00000024039 126.63 ENSMMUG00000018284 MSH3 
ENSMMUP00000004637 45.84 ENSMMUG00000003475 MST4 
ENSMMUP00000003501 102.21 ENSMMUG00000002601 MTBP 
ENSMMUP00000018670 63.86 ENSMMUG00000014210 MTDH 
ENSMMUP00000008677 86.20 ENSMMUG00000006600 MTMR12 
ENSMMUP00000025391 289.16 ENSMMUG00000019325 MTOR 
ENSMMUP00000011149 51.32 ENSMMUG00000008506 MTX1 
ENSMMUP00000003310 83.10 ENSMMUG00000002458 MUT 
ENSMMUP00000031470 30.68 ENSMMUG00000000236 MYADM 
ENSMMUP00000028267 510.62 ENSMMUG00000021459 MYCBP2 
ENSMMUP00000024785 62.05 ENSMMUG00000018834 MYEF2 
ENSMMUP00000031349 90.31 ENSMMUG00000023803 MYH10 
ENSMMUP00000008019 222.54 ENSMMUG00000010367 MYH11 
ENSMMUP00000001915 203.32 ENSMMUG00000001427 MYH14 
ENSMMUP00000026270 223.27 ENSMMUG00000019977 MYH15 
ENSMMUP00000012805 223.08 ENSMMUG00000009778 MYH2 
ENSMMUP00000026432 224.12 ENSMMUG00000020084 MYH3 
ENSMMUP00000019382 222.17 ENSMMUG00000014762 MYH7 
ENSMMUP00000000320 176.01 ENSMMUG00000000227 MYH7B 
ENSMMUP00000012779 222.53 ENSMMUG00000009763 MYH8 
ENSMMUP00000008018 214.47 ENSMMUG00000006101 MYH9 
ENSMMUP00000019460 110.07 ENSMMUG00000014818 MYLK 
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ENSMMUP00000024122 395.85 ENSMMUG00000018344 MYO15A 
ENSMMUP00000013005 233.37 ENSMMUG00000009938 MYO18A 
ENSMMUP00000002359 131.85 ENSMMUG00000001761 MYO1B 
ENSMMUP00000019272 115.19 ENSMMUG00000014689 MYO1D 
ENSMMUP00000016980 126.78 ENSMMUG00000012933 MYO1E 
ENSMMUP00000011686 110.56 ENSMMUG00000008914 MYO1G 
ENSMMUP00000009865 212.01 ENSMMUG00000007509 MYO5A 
ENSMMUP00000004057 212.83 ENSMMUG00000003041 MYO5B 
ENSMMUP00000033398 144.85 ENSMMUG00000005032 MYO6 
ENSMMUP00000025335 252.66 ENSMMUG00000019278 MYO9A 
ENSMMUP00000015220 235.53 ENSMMUG00000011588 MYO9B 
ENSMMUP00000008998 233.53 ENSMMUG00000006841 MYOF 
ENSMMUP00000036371 101.47 ENSMMUG00000011590 NAA16 
ENSMMUP00000002534 83.61 ENSMMUG00000001898 NAA35 
ENSMMUP00000000004 40.71 ENSMMUG00000000005 NAGA 
ENSMMUP00000022282 268.09 ENSMMUG00000016942 NAV2 
ENSMMUP00000030850 268.68 ENSMMUG00000023434 NBAS 
ENSMMUP00000024579 157.16 ENSMMUG00000018677 NCAPD2 
ENSMMUP00000036193 43.20 ENSMMUG00000001390 NCK2 
ENSMMUP00000038418 274.92 ENSMMUG00000023107 NCOR2 
ENSMMUP00000014898 26.05 ENSMMUG00000011350 NDUFA13 
ENSMMUP00000015020 20.11 ENSMMUG00000011450 NDUFA8 
ENSMMUP00000008725 21.74 ENSMMUG00000006636 NDUFB8 
ENSMMUP00000022071 80.37 ENSMMUG00000016788 NDUFS1 
ENSMMUP00000023834 52.57 ENSMMUG00000004520 NDUFS2 
ENSMMUP00000006462 19.91 ENSMMUG00000004861 NDUFS4 
ENSMMUP00000004063 23.40 ENSMMUG00000003045 NDUFS7 
ENSMMUP00000030525 23.69 ENSMMUG00000023189 NDUFS8 
ENSMMUP00000024372 50.67 ENSMMUG00000018526 NDUFV1 
ENSMMUP00000011307 704.03 ENSMMUG00000008615 NEB 
ENSMMUP00000020000 29.63 ENSMMUG00000015253 NECAP1 
ENSMMUP00000000856 103.12 ENSMMUG00000000639 NEFM 
ENSMMUP00000016062 145.96 ENSMMUG00000012244 NEK1 
ENSMMUP00000008242 177.31 ENSMMUG00000006265 NES 
ENSMMUP00000013509 71.84 ENSMMUG00000010311 NF2 
ENSMMUP00000014363 51.12 ENSMMUG00000010951 NFS1 
ENSMMUP00000016935 160.66 ENSMMUG00000012894 NHS 
ENSMMUP00000023941 151.55 ENSMMUG00000018201 NID2 
ENSMMUP00000018983 38.79 ENSMMUG00000006639 NIF3L1 
ENSMMUP00000019235 248.13 ENSMMUG00000014658 NIN 
ENSMMUP00000013021 154.90 ENSMMUG00000009953 NINL 
ENSMMUP00000029176 316.12 ENSMMUG00000022154 NIPBL 
ENSMMUP00000002688 35.84 ENSMMUG00000002009 NIT1 
ENSMMUP00000026329 30.64 ENSMMUG00000020024 NIT2 
ENSMMUP00000011259 124.86 ENSMMUG00000008585 NLRP14 
ENSMMUP00000032684 33.14 ENSMMUG00000020540 NMRAL1 
ENSMMUP00000017860 56.70 ENSMMUG00000013586 NMT1 
ENSMMUP00000015392 116.56 ENSMMUG00000011734 NNT 
ENSMMUP00000006159 132.15 ENSMMUG00000004629 NOL8 
ENSMMUP00000024161 265.66 ENSMMUG00000018375 NOTCH2 
ENSMMUP00000005563 153.39 ENSMMUG00000004157 NPAT 
ENSMMUP00000007725 93.89 ENSMMUG00000005869 NPEPPS 
ENSMMUP00000001617 197.26 ENSMMUG00000001208 NRAP 
ENSMMUP00000006307 125.06 ENSMMUG00000004738 NRD1 
ENSMMUP00000011851 296.84 ENSMMUG00000009041 NSD1 
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ENSMMUP00000007332 81.90 ENSMMUG00000005548 NSF 
ENSMMUP00000004716 27.68 ENSMMUG00000003542 NSMCE2 
ENSMMUP00000007196 63.26 ENSMMUG00000005442 NT5E 
ENSMMUP00000009616 238.96 ENSMMUG00000007330 NUMA1 
ENSMMUP00000000943 83.49 ENSMMUG00000000704 NUP155 
ENSMMUP00000021515 228.04 ENSMMUG00000016384 NUP205 
ENSMMUP00000021017 205.24 ENSMMUG00000015979 NUP210 
ENSMMUP00000019615 176.03 ENSMMUG00000014952 NUP210L 
ENSMMUP00000031516 65.28 ENSMMUG00000011627 NUP62 
ENSMMUP00000018117 93.20 ENSMMUG00000013778 NUP93 
ENSMMUP00000022201 723.31 ENSMMUG00000023096 OBSCN 
ENSMMUP00000002808 28.67 ENSMMUG00000002108 ODF1 
ENSMMUP00000019534 95.42 ENSMMUG00000005987 ODF2 
ENSMMUP00000009498 120.09 ENSMMUG00000007240 ODZ3 
ENSMMUP00000003569 115.89 ENSMMUG00000002651 OGDH 
ENSMMUP00000009295 44.75 ENSMMUG00000007092 OLA1 
ENSMMUP00000012799 117.74 ENSMMUG00000009765 OPA1 
ENSMMUP00000037271 47.24 ENSMMUG00000001745 OSBP 
ENSMMUP00000021284 29.37 ENSMMUG00000016200 OTOL1 
ENSMMUP00000014436 56.24 ENSMMUG00000011027 OXCT1 
ENSMMUP00000023468 93.93 ENSMMUG00000017845 OXR1 
ENSMMUP00000019422 49.07 ENSMMUG00000014798 OXSM 
ENSMMUP00000012107 58.46 ENSMMUG00000009242 P4HB 
ENSMMUP00000026864 29.34 ENSMMUG00000020412 PACRG 
ENSMMUP00000039657 119.25 ENSMMUG00000002361 PALM2 
ENSMMUP00000005792 81.82 ENSMMUG00000004330 PAMR1 
ENSMMUP00000039408 135.21 ENSMMUG00000013482 PAN2 
ENSMMUP00000036536 82.68 ENSMMUG00000000498 PAPOLG 
ENSMMUP00000036021 133.75 ENSMMUG00000019156 PARD3 
ENSMMUP00000040110 53.39 ENSMMUG00000032084 PARS2 
ENSMMUP00000022861 192.82 ENSMMUG00000017361 PBRM1 
ENSMMUP00000005991 76.46 ENSMMUG00000004493 PCCA 
ENSMMUP00000028544 525.29 ENSMMUG00000021678 PCLO 
ENSMMUP00000020315 227.54 ENSMMUG00000015487 PCM1 
ENSMMUP00000016959 373.38 ENSMMUG00000012914 PCNT 
ENSMMUP00000025590 258.88 ENSMMUG00000019470 PCNX 
ENSMMUP00000009253 208.86 ENSMMUG00000007058 PDCD11 
ENSMMUP00000022630 51.75 ENSMMUG00000017204 PDCD4 
ENSMMUP00000006320 99.53 ENSMMUG00000004752 PDE6A 
ENSMMUP00000022813 47.58 ENSMMUG00000017336 PDHA1 
ENSMMUP00000028136 43.02 ENSMMUG00000021359 PDHA2 
ENSMMUP00000020570 39.26 ENSMMUG00000015672 PDHB 
ENSMMUP00000002254 56.78 ENSMMUG00000001682 PDIA3 
ENSMMUP00000016843 46.18 ENSMMUG00000012819 PDK3 
ENSMMUP00000006073 61.05 ENSMMUG00000004568 PDP1 
ENSMMUP00000032321 99.42 ENSMMUG00000023147 PDPR 
ENSMMUP00000014858 147.48 ENSMMUG00000011323 PDS5A 
ENSMMUP00000018340 301.11 ENSMMUG00000013954 PDZD2 
ENSMMUP00000025806 56.99 ENSMMUG00000019642 PDZK1 
ENSMMUP00000039948 117.00 ENSMMUG00000002641 PDZRN4 
ENSMMUP00000023123 64.21 ENSMMUG00000017562 PES1 
ENSMMUP00000014466 62.00 ENSMMUG00000011048 PET112 
ENSMMUP00000029185 54.36 ENSMMUG00000022170 PFKFB2 
ENSMMUP00000039868 93.27 ENSMMUG00000002045 PFKM 
ENSMMUP00000006549 85.25 ENSMMUG00000004935 PFKP 
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ENSMMUP00000003245 22.81 ENSMMUG00000002417 PGAM2 
ENSMMUP00000030665 67.93 ENSMMUG00000023296 PGBD2 
ENSMMUP00000015734 44.88 ENSMMUG00000011998 PGK2 
ENSMMUP00000018994 21.66 ENSMMUG00000014466 PGRMC1 
ENSMMUP00000000214 29.80 ENSMMUG00000000156 PHB 
ENSMMUP00000013345 33.70 ENSMMUG00000010205 PHB2 
ENSMMUP00000027491 103.97 ENSMMUG00000020895 PHF14 
ENSMMUP00000022567 229.71 ENSMMUG00000017160 PHF3 
ENSMMUP00000003430 150.71 ENSMMUG00000002544 PHLDB1 
ENSMMUP00000023426 87.27 ENSMMUG00000017819 PHTF1 
ENSMMUP00000029182 229.04 ENSMMUG00000022167 PI4KA 
ENSMMUP00000029682 191.77 ENSMMUG00000022548 PIK3C2A 
ENSMMUP00000023067 237.16 ENSMMUG00000017524 PIKFYVE 
ENSMMUP00000039086 95.46 ENSMMUG00000005228 PIP5K1A 
ENSMMUP00000006552 117.23 ENSMMUG00000004938 PITRM1 
ENSMMUP00000009226 192.00 ENSMMUG00000007032 PKD1L1 
ENSMMUP00000033454 58.21 ENSMMUG00000023454 PKM 
ENSMMUP00000017756 82.67 ENSMMUG00000013506 PKP1 
ENSMMUP00000000801 97.04 ENSMMUG00000000595 PKP2 
ENSMMUP00000004694 86.89 ENSMMUG00000003525 PKP3 
ENSMMUP00000003633 88.42 ENSMMUG00000002701 PLA2G6 
ENSMMUP00000027046 135.00 ENSMMUG00000020535 PLCB2 
ENSMMUP00000016999 138.66 ENSMMUG00000012948 PLCB3 
ENSMMUP00000002160 224.99 ENSMMUG00000001608 PLCE1 
ENSMMUP00000024112 188.57 ENSMMUG00000018341 PLCH1 
ENSMMUP00000031861 532.23 ENSMMUG00000000388 PLEC 
ENSMMUP00000028088 155.52 ENSMMUG00000021326 PLEKHH1 
ENSMMUP00000002060 53.53 ENSMMUG00000001543 PLEKHO2 
ENSMMUP00000038562 83.70 ENSMMUG00000011577 PLOD2 
ENSMMUP00000038567 35.48 ENSMMUG00000021755 PLSCR2 
ENSMMUP00000007280 207.33 ENSMMUG00000005507 PLXNA3 
ENSMMUP00000000916 117.74 ENSMMUG00000000680 PMFBP1 
ENSMMUP00000015525 88.41 ENSMMUG00000011831 PNPLA8 
ENSMMUP00000017893 34.97 ENSMMUG00000013604 POF1B 
ENSMMUP00000027533 155.24 ENSMMUG00000020925 POGZ 
ENSMMUP00000024252 165.01 ENSMMUG00000018433 POLA1 
ENSMMUP00000003013 72.82 ENSMMUG00000002257 POLR3E 
ENSMMUP00000020907 40.42 ENSMMUG00000015904 PPARD 
ENSMMUP00000006713 75.45 ENSMMUG00000005066 PPEF1 
ENSMMUP00000017449 135.03 ENSMMUG00000013265 PPFIA1 
ENSMMUP00000009886 136.62 ENSMMUG00000007533 PPFIA3 
ENSMMUP00000028633 113.50 ENSMMUG00000021737 PPFIBP1 
ENSMMUP00000017967 38.52 ENSMMUG00000013664 PPP1CC 
ENSMMUP00000017139 35.59 ENSMMUG00000013047 PPP2CA 
ENSMMUP00000018970 56.97 ENSMMUG00000014442 PPP3CC 
ENSMMUP00000027059 35.14 ENSMMUG00000020549 PPP6C 
ENSMMUP00000022059 54.39 ENSMMUG00000016780 PRAMEF10 
ENSMMUP00000035665 166.93 ENSMMUG00000018046 PRDM15 
ENSMMUP00000040589 188.13 ENSMMUG00000017040 PRDM2 
ENSMMUP00000011500 25.02 ENSMMUG00000008776 PRDX6 
ENSMMUP00000021074 182.42 ENSMMUG00000016023 PREX2 
ENSMMUP00000007974 228.09 ENSMMUG00000006070 PRIC285 
ENSMMUP00000018568 36.45 ENSMMUG00000014132 PRKACA 
ENSMMUP00000026815 40.18 ENSMMUG00000020379 PRKACG 
ENSMMUP00000020637 38.55 ENSMMUG00000015713 PRKAG1 
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ENSMMUP00000002929 43.01 ENSMMUG00000002194 PRKAR1A 
ENSMMUP00000000106 42.87 ENSMMUG00000000081 PRKAR2A 
ENSMMUP00000010458 78.88 ENSMMUG00000007972 PRKCG 
ENSMMUP00000020132 469.49 ENSMMUG00000015347 PRKDC 
ENSMMUP00000026112 87.41 ENSMMUG00000019859 PRKG2 
ENSMMUP00000018613 44.99 ENSMMUG00000014168 PRMT8 
ENSMMUP00000018422 116.91 ENSMMUG00000014017 PRPF4B 
ENSMMUP00000027298 235.24 ENSMMUG00000020746 PRR14L 
ENSMMUP00000020010 97.25 ENSMMUG00000015260 PRSS12 
ENSMMUP00000021268 34.69 ENSMMUG00000016183 PRSS21 
ENSMMUP00000031601 143.75 ENSMMUG00000022625 PRX 
ENSMMUP00000004676 28.43 ENSMMUG00000003509 PSMA3 
ENSMMUP00000014072 29.48 ENSMMUG00000010740 PSMA4 
ENSMMUP00000021739 27.40 ENSMMUG00000016544 PSMA6 
ENSMMUP00000026177 26.36 ENSMMUG00000019919 PSMB1 
ENSMMUP00000027532 29.17 ENSMMUG00000020924 PSMB4 
ENSMMUP00000007892 28.79 ENSMMUG00000006007 PSMB5 
ENSMMUP00000017070 25.41 ENSMMUG00000012999 PSMB6 
ENSMMUP00000030273 49.19 ENSMMUG00000022990 PSMC1 
ENSMMUP00000020482 49.21 ENSMMUG00000015611 PSMC3 
ENSMMUP00000034223 43.07 ENSMMUG00000016769 PSMC5 
ENSMMUP00000037432 102.33 ENSMMUG00000011769 PSMD1 
ENSMMUP00000001091 100.01 ENSMMUG00000000800 PSMD2 
ENSMMUP00000026821 61.00 ENSMMUG00000020382 PSMD3 
ENSMMUP00000002009 45.56 ENSMMUG00000001509 PSMD6 
ENSMMUP00000010615 197.72 ENSMMUG00000008104 PSME4 
ENSMMUP00000027185 91.38 ENSMMUG00000020657 PTCHD3 
ENSMMUP00000005738 30.23 ENSMMUG00000004286 PTPMT1 
ENSMMUP00000004975 273.26 ENSMMUG00000003726 PTPN13 
ENSMMUP00000018455 178.65 ENSMMUG00000014045 PTPN23 
ENSMMUP00000001672 104.15 ENSMMUG00000001250 PTPN3 
ENSMMUP00000016385 165.95 ENSMMUG00000012477 PTPRF 
ENSMMUP00000000285 80.90 ENSMMUG00000000203 PUS7L 
ENSMMUP00000012061 96.61 ENSMMUG00000009199 PYGB 
ENSMMUP00000010925 57.42 ENSMMUG00000008330 QRSL1 
ENSMMUP00000003077 70.26 ENSMMUG00000002301 RAB11FIP5 
ENSMMUP00000007398 23.90 ENSMMUG00000005595 RAB14 
ENSMMUP00000022423 21.87 ENSMMUG00000017038 RAB2A 
ENSMMUP00000019654 20.76 ENSMMUG00000014992 RAB2B 
ENSMMUP00000019205 110.66 ENSMMUG00000014630 RAB3GAP1 
ENSMMUP00000019379 23.48 ENSMMUG00000014761 RAB5C 
ENSMMUP00000035002 30.09 ENSMMUG00000000750 RAD51D 
ENSMMUP00000030775 193.29 ENSMMUG00000023377 RAI1 
ENSMMUP00000021658 229.74 ENSMMUG00000016487 RALGAPA1 
ENSMMUP00000024160 210.83 ENSMMUG00000018371 RALGAPA2 
ENSMMUP00000037922 166.49 ENSMMUG00000017350 RALGAPB 
ENSMMUP00000027540 24.42 ENSMMUG00000020927 RAN 
ENSMMUP00000027658 357.77 ENSMMUG00000021019 RANBP2 
ENSMMUP00000012423 45.63 ENSMMUG00000009498 RAPSN 
ENSMMUP00000028698 83.89 ENSMMUG00000021793 RASAL1 
ENSMMUP00000003397 47.06 ENSMMUG00000002526 RASSF5 
ENSMMUP00000013071 183.30 ENSMMUG00000009990 RB1CC1 
ENSMMUP00000038152 54.91 ENSMMUG00000018803 RBBP5 
ENSMMUP00000013760 107.21 ENSMMUG00000010496 RBM19 
ENSMMUP00000005967 118.60 ENSMMUG00000004476 RBM27 
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ENSMMUP00000032850 35.43 ENSMMUG00000015868 RDH11 
ENSMMUP00000018508 68.93 ENSMMUG00000014083 RDH14 
ENSMMUP00000018510 36.60 ENSMMUG00000014083 RDH14 
ENSMMUP00000002993 68.55 ENSMMUG00000002241 RDX 
ENSMMUP00000016388 62.64 ENSMMUG00000012480 REC8 
ENSMMUP00000025520 67.01 ENSMMUG00000019416 RETSAT 
ENSMMUP00000028357 351.88 ENSMMUG00000021533 REV3L 
ENSMMUP00000016096 26.88 ENSMMUG00000012269 REXO2 
ENSMMUP00000012216 128.50 ENSMMUG00000009324 RFC1 
ENSMMUP00000015695 80.47 ENSMMUG00000011967 RFX2 
ENSMMUP00000018070 146.32 ENSMMUG00000013742 RGS22 
ENSMMUP00000035017 80.86 ENSMMUG00000018222 RHOT1 
ENSMMUP00000030292 44.74 ENSMMUG00000023007 RIBC2 
ENSMMUP00000011293 274.16 ENSMMUG00000008611 RIF1 
ENSMMUP00000013566 188.09 ENSMMUG00000010345 RIMS1 
ENSMMUP00000040394 210.02 ENSMMUG00000032180 RLF 
ENSMMUP00000021923 113.79 ENSMMUG00000016670 RNF20 
ENSMMUP00000007212 373.15 ENSMMUG00000005455 RNF213 
ENSMMUP00000037874 49.21 ENSMMUG00000010783 RNH1 
ENSMMUP00000028414 106.25 ENSMMUG00000021578 ROBO4 
ENSMMUP00000021934 160.83 ENSMMUG00000016678 ROCK2 
ENSMMUP00000010962 23.84 ENSMMUG00000008360 ROPN1B 
ENSMMUP00000024084 68.73 ENSMMUG00000018321 RPN1 
ENSMMUP00000007295 13.61 ENSMMUG00000030562 RPS24 
ENSMMUP00000035700 52.63 ENSMMUG00000012304 RRP1 
ENSMMUP00000040571 28.41 ENSMMUG00000012732 RSG1 
ENSMMUP00000025791 54.61 ENSMMUG00000019632 RSL1D1 
ENSMMUP00000039629 39.41 ENSMMUG00000019105 RTCA 
ENSMMUP00000002365 38.84 ENSMMUG00000001774 RTDR1 
ENSMMUP00000003661 62.63 ENSMMUG00000002721 RTKN 
ENSMMUP00000013297 249.08 ENSMMUG00000010169 RTTN 
ENSMMUP00000021426 161.08 ENSMMUG00000016313 RUSC2 
ENSMMUP00000014767 60.33 ENSMMUG00000011270 RYK 
ENSMMUP00000001421 562.60 ENSMMUG00000001060 RYR2 
ENSMMUP00000001728 496.65 ENSMMUG00000001292 SACS 
ENSMMUP00000028028 109.43 ENSMMUG00000021287 SAP130 
ENSMMUP00000015087 154.45 ENSMMUG00000011496 SBNO1 
ENSMMUP00000014467 158.32 ENSMMUG00000011047 SCAPER 
ENSMMUP00000029234 40.04 ENSMMUG00000022208 SCCPDH 
ENSMMUP00000022509 69.21 ENSMMUG00000017104 SCMH1 
ENSMMUP00000026250 204.67 ENSMMUG00000019962 SCN11A 
ENSMMUP00000011026 217.83 ENSMMUG00000008407 SCN1A 
ENSMMUP00000024795 226.36 ENSMMUG00000018840 SCN3A 
ENSMMUP00000030905 89.18 ENSMMUG00000023477 SCYL1 
ENSMMUP00000001008 54.56 ENSMMUG00000014452 SDHA 
ENSMMUP00000002161 31.50 ENSMMUG00000001614 SDHB 
ENSMMUP00000011146 132.91 ENSMMUG00000008501 SEC31A 
ENSMMUP00000016091 115.57 ENSMMUG00000012265 SEMA6A 
ENSMMUP00000015938 113.12 ENSMMUG00000012144 SEMA6D 
ENSMMUP00000017092 67.65 ENSMMUG00000013018 SENP2 
ENSMMUP00000037276 41.49 ENSMMUG00000004736 SEPT2 
ENSMMUP00000011042 53.14 ENSMMUG00000008423 SEPT4 
ENSMMUP00000014700 45.72 ENSMMUG00000011217 SERPINA5 
ENSMMUP00000009401 48.58 ENSMMUG00000007171 SERPINB12 
ENSMMUP00000029184 57.01 ENSMMUG00000022169 SERPIND1 
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ENSMMUP00000003191 55.16 ENSMMUG00000002382 SERPINF2 
ENSMMUP00000025872 79.37 ENSMMUG00000019690 SESTD1 
ENSMMUP00000027793 264.04 ENSMMUG00000021117 SETD2 
ENSMMUP00000024292 298.98 ENSMMUG00000018468 SETX 
ENSMMUP00000015408 100.25 ENSMMUG00000011743 SF3B2 
ENSMMUP00000023419 133.61 ENSMMUG00000017812 SF3B3 
ENSMMUP00000018157 107.42 ENSMMUG00000013808 SH3BP4 
ENSMMUP00000007915 83.78 ENSMMUG00000006026 SH3D19 
ENSMMUP00000012255 224.49 ENSMMUG00000009357 SHANK1 
ENSMMUP00000015678 193.05 ENSMMUG00000011955 SHPRH 
ENSMMUP00000027528 217.97 ENSMMUG00000020919 SHROOM3 
ENSMMUP00000002590 52.01 ENSMMUG00000001939 SIL1 
ENSMMUP00000012160 145.24 ENSMMUG00000009281 SIN3A 
ENSMMUP00000024347 131.70 ENSMMUG00000018504 SIN3B 
ENSMMUP00000004656 195.01 ENSMMUG00000003492 SIPA1L3 
ENSMMUP00000000996 137.34 ENSMMUG00000000736 SKIV2L 
ENSMMUP00000025549 118.88 ENSMMUG00000019441 SLC12A7 
ENSMMUP00000006438 72.42 ENSMMUG00000004842 SLC22A14 
ENSMMUP00000007177 34.03 ENSMMUG00000005431 SLC25A1 
ENSMMUP00000003713 34.14 ENSMMUG00000002765 SLC25A11 
ENSMMUP00000009586 74.74 ENSMMUG00000007310 SLC25A12 
ENSMMUP00000006949 52.93 ENSMMUG00000005250 SLC25A13 
ENSMMUP00000020224 33.04 ENSMMUG00000015418 SLC25A20 
ENSMMUP00000003739 51.27 ENSMMUG00000002789 SLC25A24 
ENSMMUP00000030330 40.04 ENSMMUG00000023036 SLC25A3 
ENSMMUP00000019982 35.08 ENSMMUG00000015243 SLC25A31 
ENSMMUP00000020297 33.07 ENSMMUG00000015472 SLC25A4 
ENSMMUP00000029834 32.90 ENSMMUG00000022663 SLC25A5 
ENSMMUP00000023186 71.59 ENSMMUG00000017618 SLC26A3 
ENSMMUP00000040292 54.34 ENSMMUG00000000439 SLC2A3 
ENSMMUP00000011258 76.32 ENSMMUG00000008583 SLCO1B1 
ENSMMUP00000034256 80.20 ENSMMUG00000029885 SLCO6A1 
ENSMMUP00000029224 92.28 ENSMMUG00000022200 SLTM 
ENSMMUP00000009888 117.57 ENSMMUG00000008818 SMARCA1 
ENSMMUP00000020039 145.75 ENSMMUG00000015279 SMARCA2 
ENSMMUP00000025671 105.14 ENSMMUG00000019539 SMARCAL1 
ENSMMUP00000030289 143.89 ENSMMUG00000023004 SMC1B 
ENSMMUP00000010943 128.89 ENSMMUG00000008346 SMC5 
ENSMMUP00000006586 108.91 ENSMMUG00000004968 SNED1 
ENSMMUP00000030627 244.28 ENSMMUG00000023261 SNRNP200 
ENSMMUP00000013142 23.66 ENSMMUG00000010050 SNRPB 
ENSMMUP00000028854 87.42 ENSMMUG00000021915 SNX13 
ENSMMUP00000032626 42.87 ENSMMUG00000022897 SNX29 
ENSMMUP00000015060 46.81 ENSMMUG00000011476 SNX5 
ENSMMUP00000016504 44.55 ENSMMUG00000012576 SNX6 
ENSMMUP00000007116 61.26 ENSMMUG00000005384 SOCS5 
ENSMMUP00000021010 38.21 ENSMMUG00000015971 SORD 
ENSMMUP00000006557 32.08 ENSMMUG00000004947 SPACA1 
ENSMMUP00000014266 17.91 ENSMMUG00000010883 SPACA5 
ENSMMUP00000001181 55.48 ENSMMUG00000000882 SPAG6 
ENSMMUP00000007542 58.47 ENSMMUG00000005719 SPAM1 
ENSMMUP00000024928 60.87 ENSMMUG00000018943 SPATA18 
ENSMMUP00000002282 19.11 ENSMMUG00000001710 SPATA19 
ENSMMUP00000022695 87.94 ENSMMUG00000017252 SPATA20 
ENSMMUP00000007716 80.48 ENSMMUG00000005858 SPATA5L1 
449 
ENSMMUP00000005345 53.21 ENSMMUG00000004008 SPATC1 
ENSMMUP00000024438 118.25 ENSMMUG00000018579 SPECC1 
ENSMMUP00000024658 210.33 ENSMMUG00000018739 SPEF2 
ENSMMUP00000010529 402.17 ENSMMUG00000008026 SPEN 
ENSMMUP00000015718 51.56 ENSMMUG00000011986 SPERT 
ENSMMUP00000018770 278.41 ENSMMUG00000014291 SPG11 
ENSMMUP00000000984 280.85 ENSMMUG00000000730 SPTA1 
ENSMMUP00000012218 285.62 ENSMMUG00000009327 SPTAN1 
ENSMMUP00000025199 267.72 ENSMMUG00000019172 SPTB 
ENSMMUP00000017814 274.88 ENSMMUG00000013541 SPTBN1 
ENSMMUP00000027373 288.97 ENSMMUG00000020796 SPTBN4 
ENSMMUP00000005126 416.21 ENSMMUG00000003844 SPTBN5 
ENSMMUP00000010421 69.78 ENSMMUG00000007938 SRPR 
ENSMMUP00000040522 103.26 ENSMMUG00000006645 SRRM1 
ENSMMUP00000024814 300.83 ENSMMUG00000018858 SRRM2 
ENSMMUP00000018123 31.21 ENSMMUG00000013784 SRSF10 
ENSMMUP00000018751 138.06 ENSMMUG00000014277 SSFA2 
ENSMMUP00000037206 81.11 ENSMMUG00000017810 SSRP1 
ENSMMUP00000008152 71.28 ENSMMUG00000006203 SSX2IP 
ENSMMUP00000011065 111.67 ENSMMUG00000008439 ST18 
ENSMMUP00000012582 40.85 ENSMMUG00000009614 STAC 
ENSMMUP00000007681 125.39 ENSMMUG00000003263 STAG1 
ENSMMUP00000026827 143.32 ENSMMUG00000020389 STIL 
ENSMMUP00000017002 67.77 ENSMMUG00000012953 STIP1 
ENSMMUP00000008957 112.45 ENSMMUG00000006811 STK10 
ENSMMUP00000000881 17.24 ENSMMUG00000000653 STMN1 
ENSMMUP00000035817 99.68 ENSMMUG00000000826 STOX1 
ENSMMUP00000013093 80.53 ENSMMUG00000010010 STT3A 
ENSMMUP00000011289 93.60 ENSMMUG00000008608 STT3B 
ENSMMUP00000029030 50.60 ENSMMUG00000022041 STXBP2 
ENSMMUP00000013283 67.83 ENSMMUG00000010158 STXBP3 
ENSMMUP00000011412 49.22 ENSMMUG00000007539 SUCLA2 
ENSMMUP00000001216 33.13 ENSMMUG00000000908 SUCLG1 
ENSMMUP00000012680 46.50 ENSMMUG00000009693 SUCLG2 
ENSMMUP00000030636 87.98 ENSMMUG00000023274 SULF1 
ENSMMUP00000012320 42.33 ENSMMUG00000009414 SUN5 
ENSMMUP00000018245 103.63 ENSMMUG00000013882 SWT1 
ENSMMUP00000021406 73.16 ENSMMUG00000016294 SYCP2 
ENSMMUP00000011714 124.81 ENSMMUG00000008936 SYDE2 
ENSMMUP00000025065 1010.79 ENSMMUG00000019048 SYNE1 
ENSMMUP00000001353 396.53 ENSMMUG00000001008 SYNE2 
ENSMMUP00000014045 376.63 ENSMMUG00000001008 SYNE2 
ENSMMUP00000006912 140.21 ENSMMUG00000005220 SYNM 
ENSMMUP00000025733 28.63 ENSMMUG00000019593 SYPL1 
ENSMMUP00000015873 54.64 ENSMMUG00000012103 TAB1 
ENSMMUP00000017119 307.15 ENSMMUG00000013033 TACC2 
ENSMMUP00000028849 50.60 ENSMMUG00000021911 TADA2A 
ENSMMUP00000007484 208.78 ENSMMUG00000005663 TAF1 
ENSMMUP00000002752 22.63 ENSMMUG00000002058 TAGLN 
ENSMMUP00000037844 33.92 ENSMMUG00000007510 TALDO1 
ENSMMUP00000025841 114.91 ENSMMUG00000019667 TAOK1 
ENSMMUP00000026683 119.28 ENSMMUG00000020274 TAOK2 
ENSMMUP00000028576 181.78 ENSMMUG00000021703 TARBP1 
ENSMMUP00000003982 95.09 ENSMMUG00000002981 TAS1R2 
ENSMMUP00000012964 90.76 ENSMMUG00000009907 TBC1D2B 
450 
ENSMMUP00000007105 126.29 ENSMMUG00000005376 TBCD 
ENSMMUP00000030652 121.45 ENSMMUG00000023288 TCERG1 
ENSMMUP00000013879 53.72 ENSMMUG00000010593 TCERG1L 
ENSMMUP00000011956 92.55 ENSMMUG00000009111 TCOF1 
ENSMMUP00000016880 60.30 ENSMMUG00000012846 TCP1 
ENSMMUP00000028602 56.19 ENSMMUG00000021720 TCP11 
ENSMMUP00000010113 186.02 ENSMMUG00000007698 TDRD15 
ENSMMUP00000028344 48.18 ENSMMUG00000021519 TEKT1 
ENSMMUP00000015776 49.66 ENSMMUG00000012028 TEKT2 
ENSMMUP00000002950 56.68 ENSMMUG00000002208 TEKT3 
ENSMMUP00000029666 50.42 ENSMMUG00000022534 TEKT4 
ENSMMUP00000025931 48.04 ENSMMUG00000019726 TEKT5 
ENSMMUP00000010630 91.74 ENSMMUG00000008119 TELO2 
ENSMMUP00000021365 288.56 ENSMMUG00000016255 TEP1 
ENSMMUP00000029836 27.71 ENSMMUG00000022666 TEPP 
ENSMMUP00000014350 127.06 ENSMMUG00000010940 TERT 
ENSMMUP00000002036 105.63 ENSMMUG00000001526 TEX10 
ENSMMUP00000026067 29.48 ENSMMUG00000019829 TFAM 
ENSMMUP00000016350 90.00 ENSMMUG00000012452 TGM1 
ENSMMUP00000036140 83.19 ENSMMUG00000022383 THNSL1 
ENSMMUP00000031000 78.51 ENSMMUG00000023552 THOC5 
ENSMMUP00000015539 53.37 ENSMMUG00000011841 THUMPD2 
ENSMMUP00000011701 17.93 ENSMMUG00000008923 THY1 
ENSMMUP00000025712 177.47 ENSMMUG00000019571 TIAM1 
ENSMMUP00000019812 46.19 ENSMMUG00000015114 TICAM2 
ENSMMUP00000001673 109.22 ENSMMUG00000001254 TICRR 
ENSMMUP00000013971 122.88 ENSMMUG00000010660 TIE1 
ENSMMUP00000008614 47.38 ENSMMUG00000006542 TIMM44 
ENSMMUP00000039464 268.80 ENSMMUG00000031856 TLN1 
ENSMMUP00000015100 271.70 ENSMMUG00000011503 TLN2 
ENSMMUP00000018720 121.64 ENSMMUG00000014255 TLR8 
ENSMMUP00000016499 121.78 ENSMMUG00000012569 TMEM132D 
ENSMMUP00000008496 34.20 ENSMMUG00000006446 TMEM177 
ENSMMUP00000008407 54.46 ENSMMUG00000006374 TMEM200A 
ENSMMUP00000025327 40.64 ENSMMUG00000019273 TMEM30A 
ENSMMUP00000003596 32.50 ENSMMUG00000002672 TMEM38B 
ENSMMUP00000023670 76.42 ENSMMUG00000018014 TMEM57 
ENSMMUP00000032706 74.24 ENSMMUG00000001092 TMEM63C 
ENSMMUP00000019294 17.51 ENSMMUG00000014706 TMEM89 
ENSMMUP00000018845 50.54 ENSMMUG00000014346 TMEM91 
ENSMMUP00000026473 49.27 ENSMMUG00000020110 TMPPE 
ENSMMUP00000009820 126.98 ENSMMUG00000007478 TNKS2 
ENSMMUP00000010773 122.64 ENSMMUG00000008220 TNRC18 
ENSMMUP00000011730 176.39 ENSMMUG00000008941 TOP2A 
ENSMMUP00000019022 96.69 ENSMMUG00000014487 TOP3B 
ENSMMUP00000019824 190.51 ENSMMUG00000015127 TOPAZ1 
ENSMMUP00000033741 213.52 ENSMMUG00000017078 TP53BP1 
ENSMMUP00000006872 22.70 ENSMMUG00000005194 TPI1 
ENSMMUP00000009507 138.62 ENSMMUG00000007247 TPP2 
ENSMMUP00000030897 92.62 ENSMMUG00000023469 TRA1 
ENSMMUP00000038268 64.47 ENSMMUG00000031427 TRAF5 
ENSMMUP00000021907 59.68 ENSMMUG00000018266 TRAF6 
ENSMMUP00000028795 76.11 ENSMMUG00000021868 TRAP1 
ENSMMUP00000006969 142.31 ENSMMUG00000005269 TRAPPC10 
ENSMMUP00000012723 80.68 ENSMMUG00000009725 TRDN 
451 
ENSMMUP00000014297 46.92 ENSMMUG00000010898 TRIM13 
ENSMMUP00000025236 114.01 ENSMMUG00000019200 TRIM16 
ENSMMUP00000004003 116.85 ENSMMUG00000002995 TRIM24 
ENSMMUP00000020323 219.13 ENSMMUG00000015489 TRIO 
ENSMMUP00000007874 116.58 ENSMMUG00000005991 TRIOBP 
ENSMMUP00000020831 222.19 ENSMMUG00000015842 TRIP12 
ENSMMUP00000023635 50.69 ENSMMUG00000017983 TRNT1 
ENSMMUP00000014078 127.31 ENSMMUG00000010748 TRPA1 
ENSMMUP00000033949 174.46 ENSMMUG00000009430 TRPM1 
ENSMMUP00000005586 169.69 ENSMMUG00000004175 TRPM2 
ENSMMUP00000008093 178.26 ENSMMUG00000006156 TRPM3 
ENSMMUP00000011247 201.17 ENSMMUG00000008575 TRPM7 
ENSMMUP00000030699 437.48 ENSMMUG00000023318 TRRAP 
ENSMMUP00000039298 37.77 ENSMMUG00000005893 TSFM 
ENSMMUP00000027799 26.18 ENSMMUG00000021119 TSN 
ENSMMUP00000022885 41.41 ENSMMUG00000017385 TSSK2 
ENSMMUP00000016406 38.56 ENSMMUG00000012496 TSSK4 
ENSMMUP00000016109 58.07 ENSMMUG00000012279 TSTD2 
ENSMMUP00000014797 125.96 ENSMMUG00000011285 TTC18 
ENSMMUP00000026525 150.80 ENSMMUG00000020145 TTC21A 
ENSMMUP00000001770 63.32 ENSMMUG00000021574 TTC22 
ENSMMUP00000023038 229.50 ENSMMUG00000017505 TTC3 
ENSMMUP00000031351 29.43 ENSMMUG00000023805 TTC33 
ENSMMUP00000040664 80.11 ENSMMUG00000032287 TTC34 
ENSMMUP00000015879 63.15 ENSMMUG00000004564 TTC39A 
ENSMMUP00000008981 103.45 ENSMMUG00000006833 TTF1 
ENSMMUP00000008889 133.39 ENSMMUG00000006755 TTLL4 
ENSMMUP00000011868 2284.26 ENSMMUG00000009038 TTN 
ENSMMUP00000011870 522.28 ENSMMUG00000009038 TTN 
ENSMMUP00000011871 185.81 ENSMMUG00000009038 TTN 
ENSMMUP00000011875 630.33 ENSMMUG00000009038 TTN 
ENSMMUP00000027752 50.15 ENSMMUG00000021081 TUBA1B 
ENSMMUP00000008770 49.83 ENSMMUG00000006668 TUBA3C 
ENSMMUP00000031199 49.67 ENSMMUG00000023684 TUBB 
ENSMMUP00000015958 49.83 ENSMMUG00000012164 TUBB2C 
ENSMMUP00000007319 118.83 ENSMMUG00000005533 TUBGCP5 
ENSMMUP00000009620 43.64 ENSMMUG00000007338 TXNIP 
ENSMMUP00000016956 32.19 ENSMMUG00000012915 TXNL1 
ENSMMUP00000009933 161.43 ENSMMUG00000007570 UACA 
ENSMMUP00000022942 117.92 ENSMMUG00000017428 UBA1 
ENSMMUP00000007742 71.27 ENSMMUG00000005884 UBA2 
ENSMMUP00000027608 111.59 ENSMMUG00000020980 UBA7 
ENSMMUP00000000841 100.12 ENSMMUG00000000628 UBE3A 
ENSMMUP00000025814 122.27 ENSMMUG00000019650 UBE3B 
ENSMMUP00000023167 123.83 ENSMMUG00000017602 UBE4A 
ENSMMUP00000008791 561.63 ENSMMUG00000006669 UBR4 
ENSMMUP00000027328 309.28 ENSMMUG00000020766 UBR5 
ENSMMUP00000021964 49.67 ENSMMUG00000016709 UBXN6 
ENSMMUP00000030702 174.97 ENSMMUG00000023321 UGGT1 
ENSMMUP00000031074 162.72 ENSMMUG00000023601 UHRF1BP1L 
ENSMMUP00000019713 135.71 ENSMMUG00000015038 UNC13C 
ENSMMUP00000006845 103.75 ENSMMUG00000005170 UNC45B 
ENSMMUP00000010797 66.79 ENSMMUG00000008241 UPF2 
ENSMMUP00000019293 52.80 ENSMMUG00000014705 UQCRC1 
ENSMMUP00000032564 48.42 ENSMMUG00000018287 UQCRC2 
452 
ENSMMUP00000030343 29.75 ENSMMUG00000023048 UQCRFS1 
ENSMMUP00000003232 104.22 ENSMMUG00000002408 URGCP 
ENSMMUP00000028754 107.82 ENSMMUG00000021835 USO1 
ENSMMUP00000001283 112.42 ENSMMUG00000000955 USP15 
ENSMMUP00000040105 211.75 ENSMMUG00000005740 USP24 
ENSMMUP00000010606 387.17 ENSMMUG00000008098 USP34 
ENSMMUP00000022999 112.84 ENSMMUG00000017476 USP35 
ENSMMUP00000019955 94.99 ENSMMUG00000015218 USP37 
ENSMMUP00000026739 143.99 ENSMMUG00000020321 USP42 
ENSMMUP00000011415 120.94 ENSMMUG00000008705 USP53 
ENSMMUP00000032641 125.25 ENSMMUG00000004059 USP7 
ENSMMUP00000009976 100.40 ENSMMUG00000007597 USPL1 
ENSMMUP00000016938 318.69 ENSMMUG00000012891 UTP20 
ENSMMUP00000026846 70.40 ENSMMUG00000020403 UTP6 
ENSMMUP00000025550 394.60 ENSMMUG00000019438 UTRN 
ENSMMUP00000008979 131.84 ENSMMUG00000006828 VARS 
ENSMMUP00000021045 42.19 ENSMMUG00000016001 VAT1 
ENSMMUP00000027409 59.73 ENSMMUG00000029671 VCL 
ENSMMUP00000026582 89.17 ENSMMUG00000020190 VCP 
ENSMMUP00000021336 30.72 ENSMMUG00000016235 VDAC1 
ENSMMUP00000011398 31.61 ENSMMUG00000008691 VDAC2 
ENSMMUP00000026578 30.63 ENSMMUG00000020185 VDAC3 
ENSMMUP00000030091 94.75 ENSMMUG00000022848 VEPH1 
ENSMMUP00000001320 95.96 ENSMMUG00000000984 VILL 
ENSMMUP00000004265 53.32 ENSMMUG00000003193 VIM 
ENSMMUP00000005729 166.18 ENSMMUG00000004280 VPRBP 
ENSMMUP00000025983 360.46 ENSMMUG00000019754 VPS13A 
ENSMMUP00000029208 445.94 ENSMMUG00000022186 VPS13B 
ENSMMUP00000033539 417.52 ENSMMUG00000001362 VPS13C 
ENSMMUP00000028259 249.56 ENSMMUG00000021449 VPS13D 
ENSMMUP00000009890 70.20 ENSMMUG00000007534 VPS33B 
ENSMMUP00000000575 161.55 ENSMMUG00000000425 VPS8 
ENSMMUP00000006784 133.62 ENSMMUG00000006022 VWA5B1 
ENSMMUP00000015229 161.94 ENSMMUG00000011594 VWA8 
ENSMMUP00000015230 106.37 ENSMMUG00000011594 VWA8 
ENSMMUP00000018226 53.60 ENSMMUG00000013865 WARS 
ENSMMUP00000012129 37.24 ENSMMUG00000009260 WARS2 
ENSMMUP00000023961 54.81 ENSMMUG00000018221 WASF2 
ENSMMUP00000036957 27.78 ENSMMUG00000031011 WBP2NL 
ENSMMUP00000027872 395.69 ENSMMUG00000021164 WDFY3 
ENSMMUP00000035936 208.98 ENSMMUG00000013836 WDFY4 
ENSMMUP00000001485 136.74 ENSMMUG00000001118 WDR11 
ENSMMUP00000012303 68.32 ENSMMUG00000009399 WDR16 
ENSMMUP00000002105 133.55 ENSMMUG00000001575 WDR35 
ENSMMUP00000003559 78.44 ENSMMUG00000002642 WDR65 
ENSMMUP00000016614 94.33 ENSMMUG00000012649 WDR66 
ENSMMUP00000027853 123.50 ENSMMUG00000021157 WDR67 
ENSMMUP00000020101 192.13 ENSMMUG00000015328 WDR96 
ENSMMUP00000038002 27.42 ENSMMUG00000003805 WFDC8 
ENSMMUP00000000757 146.13 ENSMMUG00000000561 XDH 
ENSMMUP00000026531 198.35 ENSMMUG00000020150 XIRP1 
ENSMMUP00000017425 377.48 ENSMMUG00000013251 XIRP2 
ENSMMUP00000009112 123.39 ENSMMUG00000006941 XPO1 
ENSMMUP00000002718 123.38 ENSMMUG00000002032 XPO7 
ENSMMUP00000018448 192.69 ENSMMUG00000014038 XRN1 
453 
ENSMMUP00000010576 150.87 ENSMMUG00000008070 YEATS2 
ENSMMUP00000005685 198.75 ENSMMUG00000004255 YLPM1 
ENSMMUP00000005516 28.30 ENSMMUG00000004125 YWHAG 
ENSMMUP00000032579 36.63 ENSMMUG00000029197 YY1 
ENSMMUP00000006236 298.02 ENSMMUG00000022840 ZAN 
ENSMMUP00000030342 91.34 ENSMMUG00000023045 ZBBX 
ENSMMUP00000019737 119.21 ENSMMUG00000015060 ZBTB11 
ENSMMUP00000010947 89.33 ENSMMUG00000010539 ZC3H11A 
ENSMMUP00000008090 47.73 ENSMMUG00000006155 ZC3HC1 
ENSMMUP00000040854 45.33 ENSMMUG00000017574 ZCCHC12 
ENSMMUP00000004543 166.27 ENSMMUG00000003401 ZCCHC6 
ENSMMUP00000027558 226.50 ENSMMUG00000020943 ZFC3H1 
ENSMMUP00000006826 88.99 ENSMMUG00000005158 ZFYVE20 
ENSMMUP00000020869 284.57 ENSMMUG00000015871 ZFYVE26 
ENSMMUP00000026035 169.59 ENSMMUG00000019793 ZMYM4 
ENSMMUP00000004915 58.61 ENSMMUG00000003686 ZNF100 
ENSMMUP00000008864 185.30 ENSMMUG00000006737 ZNF142 
ENSMMUP00000028278 51.73 ENSMMUG00000028751 ZNF222 
ENSMMUP00000014071 67.03 ENSMMUG00000010741 ZNF248 
ENSMMUP00000018024 145.46 ENSMMUG00000013702 ZNF335 
ENSMMUP00000029259 119.06 ENSMMUG00000022227 ZNF445 
ENSMMUP00000022561 284.89 ENSMMUG00000017151 ZNF462 
ENSMMUP00000009831 73.27 ENSMMUG00000007485 ZNF555 
ENSMMUP00000039742 103.99 ENSMMUG00000008557 ZNF618 
ENSMMUP00000004338 70.06 ENSMMUG00000003256 ZNF667 
ENSMMUP00000031704 66.61 ENSMMUG00000028813 ZNF724P 
ENSMMUP00000020584 152.58 ENSMMUG00000015685 ZNF804B 
ENSMMUP00000018010 40.04 ENSMMUG00000013690 ZPBP 
ENSMMUP00000005365 73.08 ENSMMUG00000004022 ZSWIM2 
ENSMMUP00000025212 331.38 ENSMMUG00000019180 ZZEF1 
ENSMMUP00000000645 32.86 ENSMMUG00000000473  
ENSMMUP00000000942 98.05 ENSMMUG00000000703  
ENSMMUP00000000981 36.25 ENSMMUG00000030394  
ENSMMUP00000001016 250.00 ENSMMUG00000000754  
ENSMMUP00000001377 56.98 ENSMMUG00000001027  
ENSMMUP00000003778 211.16 ENSMMUG00000002827  
ENSMMUP00000004409 81.54 ENSMMUG00000003308  
ENSMMUP00000004905 38.97 ENSMMUG00000003680  
ENSMMUP00000005346 134.54 ENSMMUG00000004009  
ENSMMUP00000005910 39.54 ENSMMUG00000004431  
ENSMMUP00000005961 82.04 ENSMMUG00000004472  
ENSMMUP00000008024 170.48 ENSMMUG00000006106  
ENSMMUP00000008031 177.66 ENSMMUG00000006109  
ENSMMUP00000008556 68.30 ENSMMUG00000006497  
ENSMMUP00000009015 105.36 ENSMMUG00000006861  
ENSMMUP00000009119 66.69 ENSMMUG00000006946  
ENSMMUP00000009428 51.70 ENSMMUG00000007192  
ENSMMUP00000010888 49.41 ENSMMUG00000008304  
ENSMMUP00000011173 89.60 ENSMMUG00000031793  
ENSMMUP00000011296 47.32 ENSMMUG00000008613  
ENSMMUP00000015741 36.33 ENSMMUG00000030901  
ENSMMUP00000015833 84.19 ENSMMUG00000012068  
ENSMMUP00000016475 28.09 ENSMMUG00000012551  
ENSMMUP00000016784 113.06 ENSMMUG00000012777  
ENSMMUP00000017653 169.40 ENSMMUG00000013436  
454 
ENSMMUP00000017672 47.57 ENSMMUG00000032049  
ENSMMUP00000018118 54.04 ENSMMUG00000030704  
ENSMMUP00000018119 84.80 ENSMMUG00000013780  
ENSMMUP00000020929 42.51 ENSMMUG00000018220  
ENSMMUP00000021485 83.26 ENSMMUG00000016363  
ENSMMUP00000021664 124.14 ENSMMUG00000016488  
ENSMMUP00000023960 59.95 ENSMMUG00000018220  
ENSMMUP00000024288 104.85 ENSMMUG00000018463  
ENSMMUP00000026536 18.99 ENSMMUG00000020152  
ENSMMUP00000027398 42.24 ENSMMUG00000020813  
ENSMMUP00000027408 48.62 ENSMMUG00000020823  
ENSMMUP00000028587 64.40 ENSMMUG00000021709  
ENSMMUP00000028588 61.86 ENSMMUG00000021710  
ENSMMUP00000029912 70.31 ENSMMUG00000022716  
ENSMMUP00000030472 145.98 ENSMMUG00000023146  
ENSMMUP00000030611 29.11 ENSMMUG00000023259  
ENSMMUP00000032571 87.86 ENSMMUG00000029195  
ENSMMUP00000034259 176.81 ENSMMUG00000011880  
ENSMMUP00000034446 13.67 ENSMMUG00000029989  
ENSMMUP00000037367 71.74 ENSMMUG00000019560  
ENSMMUP00000038694 30.89 ENSMMUG00000021349  
ENSMMUP00000040403 26.74 ENSMMUG00000032182  






Supplemental Table 3.2.  Proteins added and removed from macaque sperm during 
epididymal maturation 
 
Added Proteins   
Added in Proximal Corpus Added in Distal Corpus Added in Cauda 
ENSMMUP00000000041 ENSMMUP00000000233 ENSMMUP00000000285 
ENSMMUP00000000067 ENSMMUP00000000237 ENSMMUP00000000320 
ENSMMUP00000000178 ENSMMUP00000000327 ENSMMUP00000000360 
ENSMMUP00000000282 ENSMMUP00000000339 ENSMMUP00000000575 
ENSMMUP00000000284 ENSMMUP00000000513 ENSMMUP00000000645 
ENSMMUP00000000285 ENSMMUP00000000520 ENSMMUP00000000727 
ENSMMUP00000000309 ENSMMUP00000000572 ENSMMUP00000000744 
ENSMMUP00000000338 ENSMMUP00000000618 ENSMMUP00000000757 
ENSMMUP00000000372 ENSMMUP00000000620 ENSMMUP00000000801 
ENSMMUP00000000397 ENSMMUP00000000651 ENSMMUP00000000841 
ENSMMUP00000000446 ENSMMUP00000000784 ENSMMUP00000000881 
ENSMMUP00000000510 ENSMMUP00000000813 ENSMMUP00000000984 
ENSMMUP00000000788 ENSMMUP00000000824 ENSMMUP00000000996 
ENSMMUP00000000798 ENSMMUP00000000856 ENSMMUP00000000998 
ENSMMUP00000000834 ENSMMUP00000000916 ENSMMUP00000001016 
ENSMMUP00000000984 ENSMMUP00000000942 ENSMMUP00000001056 
ENSMMUP00000000991 ENSMMUP00000000981 ENSMMUP00000001080 
ENSMMUP00000001056 ENSMMUP00000001035 ENSMMUP00000001229 
ENSMMUP00000001159 ENSMMUP00000001079 ENSMMUP00000001283 
ENSMMUP00000001203 ENSMMUP00000001125 ENSMMUP00000001320 
ENSMMUP00000001420 ENSMMUP00000001208 ENSMMUP00000001485 
ENSMMUP00000001464 ENSMMUP00000001233 ENSMMUP00000001537 
ENSMMUP00000001552 ENSMMUP00000001286 ENSMMUP00000001672 
ENSMMUP00000001617 ENSMMUP00000001353 ENSMMUP00000001673 
ENSMMUP00000001633 ENSMMUP00000001417 ENSMMUP00000001693 
ENSMMUP00000001824 ENSMMUP00000001475 ENSMMUP00000001730 
ENSMMUP00000001989 ENSMMUP00000001514 ENSMMUP00000001770 
ENSMMUP00000002157 ENSMMUP00000001664 ENSMMUP00000001789 
ENSMMUP00000002222 ENSMMUP00000001674 ENSMMUP00000001812 
ENSMMUP00000002263 ENSMMUP00000001724 ENSMMUP00000001955 
ENSMMUP00000002282 ENSMMUP00000001728 ENSMMUP00000001990 
ENSMMUP00000002329 ENSMMUP00000001748 ENSMMUP00000002036 
ENSMMUP00000002349 ENSMMUP00000001839 ENSMMUP00000002060 
ENSMMUP00000002351 ENSMMUP00000002049 ENSMMUP00000002093 
ENSMMUP00000002503 ENSMMUP00000002070 ENSMMUP00000002105 
ENSMMUP00000002562 ENSMMUP00000002160 ENSMMUP00000002282 
ENSMMUP00000002654 ENSMMUP00000002371 ENSMMUP00000002359 
ENSMMUP00000002745 ENSMMUP00000002506 ENSMMUP00000002394 
ENSMMUP00000002782 ENSMMUP00000002538 ENSMMUP00000002534 
ENSMMUP00000002816 ENSMMUP00000002590 ENSMMUP00000002624 
ENSMMUP00000002947 ENSMMUP00000002616 ENSMMUP00000002891 
ENSMMUP00000003103 ENSMMUP00000002675 ENSMMUP00000002942 
ENSMMUP00000003211 ENSMMUP00000002752 ENSMMUP00000002964 
ENSMMUP00000003271 ENSMMUP00000002849 ENSMMUP00000002993 
ENSMMUP00000003403 ENSMMUP00000002887 ENSMMUP00000003013 
ENSMMUP00000003511 ENSMMUP00000002904 ENSMMUP00000003077 
ENSMMUP00000003633 ENSMMUP00000003136 ENSMMUP00000003127 
ENSMMUP00000003649 ENSMMUP00000003167 ENSMMUP00000003191 
ENSMMUP00000003724 ENSMMUP00000003376 ENSMMUP00000003232 
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Supplemental Table 4.1. 1:1 orthologs identified in the human, macaque, mouse 





Macaque Ensembl ID Human Ensembl ID Rat Ensembl ID Mouse Ensembl ID 
ACAT1 ENSMMUG00000004161 ENSG00000075239 ENSRNOG00000007862 ENSMUSG00000032047 
ACO2 ENSMMUG00000001454 ENSG00000100412 ENSRNOG00000024128 ENSMUSG00000022477 
ACR ENSMMUG00000005592 ENSG00000100312 ENSRNOG00000029762 ENSMUSG00000022622 
ACSL1 ENSMMUG00000012177 ENSG00000151726 ENSRNOG00000010633 ENSMUSG00000018796 
ACTL7A ENSMMUG00000019355 ENSG00000187003 ENSRNOG00000016641 ENSMUSG00000070979 
ACTRT2 ENSMMUG00000012334 ENSG00000169717 ENSRNOG00000012586 ENSMUSG00000051276 
AKAP3 ENSMMUG00000020812 ENSG00000111254 ENSRNOG00000019783 ENSMUSG00000030344 
AKAP4 ENSMMUG00000023060 ENSG00000147081 ENSRNOG00000002921 ENSMUSG00000050089 
ALB ENSMMUG00000003827 ENSG00000163631 ENSRNOG00000002911 ENSMUSG00000029368 
APOA1BP ENSMMUG00000002623 ENSG00000163382 ENSRNOG00000019201 ENSMUSG00000028070 
ASRGL1 ENSMMUG00000013831 ENSG00000162174 ENSRNOG00000020202 ENSMUSG00000024654 
ATP5C1 ENSMMUG00000009207 ENSG00000165629 ENSRNOG00000019223 ENSMUSG00000025781 
C1QBP ENSMMUG00000006592 ENSG00000108561 ENSRNOG00000006949 ENSMUSG00000018446 
C9orf24 ENSMMUG00000020771 ENSG00000164972 ENSRNOG00000013320 ENSMUSG00000028441 
CALR ENSMMUG00000004392 ENSG00000179218 ENSRNOG00000003029 ENSMUSG00000003814 
CAND1 ENSMMUG00000008300 ENSG00000111530 ENSRNOG00000007834 ENSMUSG00000020114 
CCDC19 ENSMMUG00000011342 ENSG00000213085 ENSRNOG00000008492 ENSMUSG00000026546 
CCT2 ENSMMUG00000010820 ENSG00000166226 ENSRNOG00000021317 ENSMUSG00000034024 
CCT4 ENSMMUG00000013973 ENSG00000115484 ENSRNOG00000009642 ENSMUSG00000007739 
CCT5 ENSMMUG00000020112 ENSG00000150753 ENSRNOG00000011632 ENSMUSG00000022234 
CCT8 ENSMMUG00000003023 ENSG00000156261 ENSRNOG00000001592 ENSMUSG00000025613 
CLU ENSMMUG00000021516 ENSG00000120885 ENSRNOG00000016460 ENSMUSG00000022037 
COX4I1 ENSMMUG00000006763 ENSG00000131143 ENSRNOG00000017817 ENSMUSG00000031818 
COX5A ENSMMUG00000011677 ENSG00000178741 ENSRNOG00000018816 ENSMUSG00000000088 
CPT2 ENSMMUG00000007606 ENSG00000157184 ENSRNOG00000012443 ENSMUSG00000028607 
CYLC2 ENSMMUG00000015205 ENSG00000155833 ENSRNOG00000022406 ENSMUSG00000039555 
DAK ENSMMUG00000002692 ENSG00000149476 ENSRNOG00000020704 ENSMUSG00000034371 
DNAJB13 ENSMMUG00000023638 ENSG00000187726 ENSRNOG00000017975 ENSMUSG00000030708 
DNPEP ENSMMUG00000017929 ENSG00000123992 ENSRNOG00000019772 ENSMUSG00000026209 
DPEP3 ENSMMUG00000029101 ENSG00000141096 ENSRNOG00000019757 ENSMUSG00000031898 
ECI1 ENSMMUG00000019237 ENSG00000167969 ENSRNOG00000008843 ENSMUSG00000024132 
EQTN ENSMMUG00000010985 ENSG00000120160 ENSRNOG00000026323 ENSMUSG00000028575 
ERLIN2 ENSMMUG00000000943 ENSG00000147475 ENSRNOG00000013763 ENSMUSG00000031483 
FAM166A ENSMMUG00000012162 ENSG00000188163 ENSRNOG00000010019 ENSMUSG00000026969 
FAM71B ENSMMUG00000010994 ENSG00000170613 ENSRNOG00000021425 ENSMUSG00000020401 
FLNA ENSMMUG00000013668 ENSG00000196924 ENSRNOG00000037239 ENSMUSG00000031328 
FTMT ENSMMUG00000018000 ENSG00000181867 ENSRNOG00000014988 ENSMUSG00000024510 
GAPDHS ENSMMUG00000000837 ENSG00000105679 ENSRNOG00000021009 ENSMUSG00000061099 
HADHA ENSMMUG00000004380 ENSG00000084754 ENSRNOG00000024629 ENSMUSG00000025745 
HAGH ENSMMUG00000000737 ENSG00000063854 ENSRNOG00000014743 ENSMUSG00000024158 
HIBADH ENSMMUG00000023134 ENSG00000106049 ENSRNOG00000008063 ENSMUSG00000029776 
HIBCH ENSMMUG00000007283 ENSG00000198130 ENSRNOG00000028557 ENSMUSG00000041426 
HMOX2 ENSMMUG00000009901 ENSG00000103415 ENSRNOG00000003773 ENSMUSG00000004070 
HSPA4L ENSMMUG00000015245 ENSG00000164070 ENSRNOG00000010819 ENSMUSG00000025757 
HSPA5 ENSMMUG00000005217 ENSG00000044574 ENSRNOG00000018294 ENSMUSG00000026864 
IDH3A ENSMMUG00000011838 ENSG00000166411 ENSRNOG00000010277 ENSMUSG00000032279 
IDH3B ENSMMUG00000021328 ENSG00000101365 ENSRNOG00000007316 ENSMUSG00000027406 
IMPA1 ENSMMUG00000002628 ENSG00000133731 ENSRNOG00000010482 ENSMUSG00000027531 
KLHL10 ENSMMUG00000005961 ENSG00000161594 ENSRNOG00000016749 ENSMUSG00000001558 
LANCL1 ENSMMUG00000010520 ENSG00000115365 ENSRNOG00000013557 ENSMUSG00000026000 
LAP3 ENSMMUG00000005732 ENSG00000002549 ENSRNOG00000003289 ENSMUSG00000039682 
LCP1 ENSMMUG00000017033 ENSG00000136167 ENSRNOG00000010319 ENSMUSG00000021998 
LETM1 ENSMMUG00000019948 ENSG00000168924 ENSRNOG00000016427 ENSMUSG00000005299 
ME2 ENSMMUG00000022001 ENSG00000082212 ENSRNOG00000015582 ENSMUSG00000024556 
NDUFS1 ENSMMUG00000016788 ENSG00000023228 ENSRNOG00000011849 ENSMUSG00000025968 
NDUFS3 ENSMMUG00000004286 ENSG00000213619 ENSRNOG00000009155 ENSMUSG00000005510 
NIT1 ENSMMUG00000002009 ENSG00000158793 ENSRNOG00000003881 ENSMUSG00000013997 
PACRG ENSMMUG00000020412 ENSG00000112530 ENSRNOG00000017122 ENSMUSG00000037196 
PDIA3 ENSMMUG00000001682 ENSG00000167004 ENSRNOG00000015018 ENSMUSG00000027248 
PFKP ENSMMUG00000004935 ENSG00000067057 ENSRNOG00000017163 ENSMUSG00000021196 
PGAM2 ENSMMUG00000002417 ENSG00000164708 ENSRNOG00000013532 ENSMUSG00000020475 
PGK2 ENSMMUG00000011998 ENSG00000170950 ENSRNOG00000013600 ENSMUSG00000031233 
PGP ENSMMUG00000019234 ENSG00000184207 ENSRNOG00000009536 ENSMUSG00000043445 
488 
PPA2 ENSMMUG00000017004 ENSG00000138777 ENSRNOG00000012091 ENSMUSG00000028013 
PPP2R4 ENSMMUG00000002515 ENSG00000119383 ENSRNOG00000018457 ENSMUSG00000039515 
PRKACA ENSMMUG00000014132 ENSG00000072062 ENSRNOG00000005257 ENSMUSG00000005469 
PRKAR2A ENSMMUG00000000081 ENSG00000114302 ENSRNOG00000020284 ENSMUSG00000032601 
PSMA1 ENSMMUG00000016446 ENSG00000129084 ENSRNOG00000011745 ENSMUSG00000030751 
PSMA4 ENSMMUG00000010740 ENSG00000041357 ENSRNOG00000013493 ENSMUSG00000032301 
PSMB1 ENSMMUG00000019919 ENSG00000008018 ENSRNOG00000001488 ENSMUSG00000014769 
PSMB2 ENSMMUG00000013090 ENSG00000126067 ENSRNOG00000011463 ENSMUSG00000028837 
PSMB4 ENSMMUG00000020924 ENSG00000159377 ENSRNOG00000020979 ENSMUSG00000005779 
PSMD2 ENSMMUG00000000800 ENSG00000175166 ENSRNOG00000001719 ENSMUSG00000006998 
RAB11B ENSMMUG00000010225 ENSG00000185236 ENSRNOG00000007648 ENSMUSG00000077450 
RAB14 ENSMMUG00000005595 ENSG00000119396 ENSRNOG00000018901 ENSMUSG00000026878 
RSPH1 ENSMMUG00000018084 ENSG00000160188 ENSRNOG00000001168 ENSMUSG00000024033 
SDR39U1 ENSMMUG00000009517 ENSG00000100445 ENSRNOG00000020544 ENSMUSG00000022223 
SLC25A31 ENSMMUG00000015243 ENSG00000151475 ENSRNOG00000038398 ENSMUSG00000069041 
SOD2 ENSMMUG00000005885 ENSG00000112096 ENSRNOG00000019048 ENSMUSG00000006818 
SPA17 ENSMMUG00000008480 ENSG00000064199 ENSRNOG00000010934 ENSMUSG00000001948 
SPACA1 ENSMMUG00000004947 ENSG00000118434 ENSRNOG00000008232 ENSMUSG00000028264 
SPACA3 ENSMMUG00000011411 ENSG00000141316 ENSRNOG00000006994 ENSMUSG00000053184 
SPESP1 ENSMMUG00000014938 ENSG00000258484 ENSRNOG00000025359 ENSMUSG00000046846 
SSBP1 ENSMMUG00000022442 ENSG00000106028 ENSRNOG00000012100 ENSMUSG00000029911 
STOML2 ENSMMUG00000011864 ENSG00000165283 ENSRNOG00000009535 ENSMUSG00000028455 
TEKT1 ENSMMUG00000021519 ENSG00000167858 ENSRNOG00000014973 ENSMUSG00000020799 
TEKT2 ENSMMUG00000012028 ENSG00000092850 ENSRNOG00000011033 ENSMUSG00000028845 
TEKT3 ENSMMUG00000002208 ENSG00000125409 ENSRNOG00000027212 ENSMUSG00000042189 
TEKT5 ENSMMUG00000019726 ENSG00000153060 ENSRNOG00000002571 ENSMUSG00000039179 
TRAP1 ENSMMUG00000021868 ENSG00000126602 ENSRNOG00000005418 ENSMUSG00000005981 
UBA1 ENSMMUG00000017428 ENSG00000130985 ENSRNOG00000019164 ENSMUSG00000001924 
UQCRC1 ENSMMUG00000014705 ENSG00000010256 ENSRNOG00000032134 ENSMUSG00000025651 
VAMP3 ENSMMUG00000018559 ENSG00000049245 ENSRNOG00000030055 ENSMUSG00000028955 
YWHAQ ENSMMUG00000000721 ENSG00000134308 ENSRNOG00000008104 ENSMUSG00000076432 






Supplemental Table 4.2. Primate and rodent lineage specific sperm proteins 
 
Primate lineage specific sperm proteins 
Gene Name Macaque Ensembl ID Human Ensembl ID 
ACTR1A ENSMMUG00000011949 ENSG00000138107 
AHNAK ENSMMUG00000022301 ENSG00000124942 
ALDOA ENSMMUG00000000983 ENSG00000149925 
ANK3 ENSMMUG00000003589 ENSG00000151150 
ANXA2 ENSMMUG00000012000 ENSG00000182718 
ANXA5 ENSMMUG00000009194 ENSG00000164111 
APCS ENSMMUG00000006685 ENSG00000132703 
APOO ENSMMUG00000016361 ENSG00000184831 
ARHGAP21 ENSMMUG00000016123 ENSG00000107863 
ATP5A1 ENSMMUG00000003570 ENSG00000152234 
BAG5 ENSMMUG00000017005 ENSG00000166170 
BPTF ENSMMUG00000009734 ENSG00000171634 
C12orf10 ENSMMUG00000022034 ENSG00000139637 
C7orf61 ENSMMUG00000030395 ENSG00000185955 
CAB39 ENSMMUG00000009793 ENSG00000135932 
CACNA1A ENSMMUG00000003555 ENSG00000141837 
CALM3 ENSMMUG00000005928 ENSG00000160014 
CBR1 ENSMMUG00000020565 ENSG00000159228 
CCDC73 ENSMMUG00000009028 ENSG00000186714 
CENPE ENSMMUG00000019089 ENSG00000138778 
CEP152 ENSMMUG00000009829 ENSG00000103995 
CHD2 ENSMMUG00000011782 ENSG00000173575 
CMYA5 ENSMMUG00000020733 ENSG00000164309 
COL24A1 ENSMMUG00000013205 ENSG00000171502 
COL6A3 ENSMMUG00000014049 ENSG00000163359 
CPS1 ENSMMUG00000010508 ENSG00000021826 
CROCC ENSMMUG00000007315 ENSG00000058453 
CRYZ ENSMMUG00000014593 ENSG00000116791 
DCD ENSMMUG00000000116 ENSG00000161634 
DNAH11 ENSMMUG00000022764 ENSG00000105877 
DNAH5 ENSMMUG00000011026 ENSG00000039139 
DST ENSMMUG00000000777 ENSG00000151914 
ECI2 ENSMMUG00000014021 ENSG00000198721 
ESD ENSMMUG00000004209 ENSG00000139684 
FABP5 ENSMMUG00000000486 ENSG00000164687 
FAM71C ENSMMUG00000002178 ENSG00000180219 
FHL1 ENSMMUG00000007922 ENSG00000022267 
FILIP1 ENSMMUG00000019275 ENSG00000118407 
FLNC ENSMMUG00000006296 ENSG00000128591 
GAA ENSMMUG00000009589 ENSG00000171298 
GDI2 ENSMMUG00000013182 ENSG00000057608 
GLRX3 ENSMMUG00000018429 ENSG00000108010 
GOT2 ENSMMUG00000006000 ENSG00000125166 
GSTP1 ENSMMUG00000018524 ENSG00000084207 
H1FNT ENSMMUG00000014483 ENSG00000187166 
HMCN1 ENSMMUG00000010474 ENSG00000143341 
HPRT1 ENSMMUG00000008303 ENSG00000165704 
IPO4 ENSMMUG00000012481 ENSG00000196497 
IQGAP2 ENSMMUG00000022982 ENSG00000145703 
ISOC2 ENSMMUG00000012704 ENSG00000063241 
ITGA6 ENSMMUG00000002370 ENSG00000091409 
490 
KAT6A ENSMMUG00000010891 ENSG00000083168 
KMT2C ENSMMUG00000007212 ENSG00000055609 
KRT5 ENSMMUG00000002468 ENSG00000186081 
LDHAL6B ENSMMUG00000012934 ENSG00000171989 
NCOR1 ENSMMUG00000002523 ENSG00000141027 
NME2 ENSMMUG00000001940 ENSG00000011052 
NPEPPS ENSMMUG00000005869 ENSG00000141279 
NT5C ENSMMUG00000029832 ENSG00000125458 
OTUB2 ENSMMUG00000007762 ENSG00000089723 
OXCT1 ENSMMUG00000011027 ENSG00000083720 
PCYT2 ENSMMUG00000012889 ENSG00000185813 
PDZD4 ENSMMUG00000003377 ENSG00000067840 
PHB ENSMMUG00000000156 ENSG00000167085 
PLEC ENSMMUG00000000388 ENSG00000178209 
PRDX6 ENSMMUG00000008776 ENSG00000117592 
PRSS3 ENSMMUG00000000272 ENSG00000010438 
PSMB3 ENSMMUG00000012363 ENSG00000108294 
PSMD11 ENSMMUG00000018962 ENSG00000108671 
PSMD14 ENSMMUG00000011906 ENSG00000115233 
RAE1 ENSMMUG00000000252 ENSG00000101146 
RAN ENSMMUG00000020927 ENSG00000132341 
RNASE13 ENSMMUG00000020750 ENSG00000206150 
SYNE1 ENSMMUG00000019048 ENSG00000131018 
TENM3 ENSMMUG00000007240 ENSG00000218336 
TEX101 ENSMMUG00000003568 ENSG00000131126 
TPPP2 ENSMMUG00000020749 ENSG00000179636 
TRIML1 ENSMMUG00000016660 ENSG00000184108 
TSFM ENSMMUG00000005893 ENSG00000123297 
UBR5 ENSMMUG00000020766 ENSG00000104517 
USH2A ENSMMUG00000022640 ENSG00000042781 
XIRP2 ENSMMUG00000013251 ENSG00000163092 
ACTR1A ENSMMUG00000011949 ENSG00000138107 
 
 
Rodent Lineage Specific Sperm Proteins 
Gene Name Mouse Ensembl ID Rat Ensembl ID 
Ndufa9 ENSMUSG00000000399 ENSRNOG00000026930 
Dnajc5 ENSMUSG00000000826 ENSRNOG00000015202 
Tomm40 ENSMUSG00000002984 ENSRNOG00000018556 
Lipe ENSMUSG00000003123 ENSRNOG00000020546 
Man2b1 ENSMUSG00000005142 ENSRNOG00000023910 
Sqrdl ENSMUSG00000005803 ENSRNOG00000000172 
Atp6v1b2 ENSMUSG00000006273 ENSRNOG00000011891 
Pgrmc1 ENSMUSG00000006373 ENSRNOG00000012786 
Ttc25 ENSMUSG00000006784 ENSRNOG00000017473 
1700026D08Rik ENSMUSG00000011154 ENSRNOG00000012301 
Cox6c ENSMUSG00000014313 ENSRNOG00000010807 
Clpx ENSMUSG00000015357 ENSRNOG00000030225 
Styxl1 ENSMUSG00000019178 ENSRNOG00000023366 
4930404N11Rik ENSMUSG00000020234 ENSRNOG00000039861 
Rdh14 ENSMUSG00000020621 ENSRNOG00000039551 
Spata20 ENSMUSG00000020867 ENSRNOG00000003273 
Krt19 ENSMUSG00000020911 ENSRNOG00000014233 
Aldh6a1 ENSMUSG00000021238 ENSRNOG00000011419 
Psmd6 ENSMUSG00000021737 ENSRNOG00000006751 
491 
5730469M10Rik ENSMUSG00000021792 ENSRNOG00000011140 
Glud1 ENSMUSG00000021794 ENSRNOG00000010222 
Adam7 ENSMUSG00000022056 ENSRNOG00000014054 
Oplah ENSMUSG00000022562 ENSRNOG00000011781 
Bag6 ENSMUSG00000024392 ENSRNOG00000000851 
Maoa ENSMUSG00000025037 ENSRNOG00000002848 
9430016H08Rik ENSMUSG00000025971 ENSRNOG00000015983 
Ptges2 ENSMUSG00000026820 ENSRNOG00000014050 
Gpd2 ENSMUSG00000026827 ENSRNOG00000033824 
Agpat2 ENSMUSG00000026922 ENSRNOG00000019466 
Fabp9 ENSMUSG00000027528 ENSRNOG00000011082 
Ndufb5 ENSMUSG00000027673 ENSRNOG00000011949 
Ccdc39 ENSMUSG00000027676 ENSRNOG00000011440 
Lrrc34 ENSMUSG00000027702 ENSRNOG00000027935 
Gclm ENSMUSG00000028124 ENSRNOG00000013409 
Manba ENSMUSG00000028164 ENSRNOG00000013476 
Fam82b ENSMUSG00000028229 ENSRNOG00000025145 
Bspry ENSMUSG00000028392 ENSRNOG00000015105 
Tmem38b ENSMUSG00000028420 ENSRNOG00000028063 
Mycbp ENSMUSG00000028647 ENSRNOG00000017166 
Abcb8 ENSMUSG00000028973 ENSRNOG00000008557 
Coq7 ENSMUSG00000030652 ENSRNOG00000017012 
Lamp1 ENSMUSG00000031447 ENSRNOG00000019629 
Ppp2r1b ENSMUSG00000032058 ENSRNOG00000010922 
Me1 ENSMUSG00000032418 ENSRNOG00000009715 
Lpp ENSMUSG00000033306 ENSRNOG00000031669 
Lgals3bp ENSMUSG00000033880 ENSRNOG00000003217 
Dnahc17 ENSMUSG00000033987 ENSRNOG00000003028 
Hsdl1 ENSMUSG00000034189 ENSRNOG00000015576 
Gcsh ENSMUSG00000034424 ENSRNOG00000011535 
Dynlrb2 ENSMUSG00000034467 ENSRNOG00000012450 
Cops4 ENSMUSG00000035297 ENSRNOG00000023650 
Akap14 ENSMUSG00000036551 ENSRNOG00000006899 
Uggt1 ENSMUSG00000037470 ENSRNOG00000014901 
Ndufv1 ENSMUSG00000037916 ENSRNOG00000018117 
Dbil5 ENSMUSG00000038057 ENSRNOG00000007771 
Txndc8 ENSMUSG00000038709 ENSRNOG00000029073 
Ccdc114 ENSMUSG00000040189 ENSRNOG00000021109 
Gstm2 ENSMUSG00000040562 ENSRNOG00000019094 
Plekhh2 ENSMUSG00000040852 ENSRNOG00000005124 
Tssk1 ENSMUSG00000041566 ENSRNOG00000032856 
Fscb ENSMUSG00000043060 ENSRNOG00000032241 
Fahd1 ENSMUSG00000045316 ENSRNOG00000014727 
Glb1 ENSMUSG00000045594 ENSRNOG00000010196 
Iqub ENSMUSG00000046192 ENSRNOG00000021729 
Bdh1 ENSMUSG00000046598 ENSRNOG00000001736 
Tssk6 ENSMUSG00000047654 ENSRNOG00000020599 
Mlec ENSMUSG00000048578 ENSRNOG00000021725 
Mcat ENSMUSG00000048755 ENSRNOG00000010539 
Hdhd1a ENSMUSG00000048875 ENSRNOG00000025422 
Krt8 ENSMUSG00000049382 ENSRNOG00000009779 
Spatc1 ENSMUSG00000049653 ENSRNOG00000029590 
Atp5k ENSMUSG00000050856 ENSRNOG00000000064 
Bpi ENSMUSG00000052922 ENSRNOG00000034195 
Fank1 ENSMUSG00000053111 ENSRNOG00000018327 
492 
Gykl1 ENSMUSG00000053624 ENSRNOG00000029096 
Aldh7a1 ENSMUSG00000053644 ENSRNOG00000014645 
Lipg ENSMUSG00000053846 ENSRNOG00000018694 
Gstm1 ENSMUSG00000058135 ENSRNOG00000029726 
4930522H14Rik ENSMUSG00000060491 ENSRNOG00000009138 
Fhit ENSMUSG00000060579 ENSRNOG00000007167 
Arl1 ENSMUSG00000060904 ENSRNOG00000005763 
Gdpd1 ENSMUSG00000061666 ENSRNOG00000005596 
Lancl2 ENSMUSG00000062190 ENSRNOG00000006810 
Ptpmt1 ENSMUSG00000063235 ENSRNOG00000009723 
Iqcf5 ENSMUSG00000066382 ENSRNOG00000013164 
Htra2 ENSMUSG00000068329 ENSRNOG00000022448 
Fbp1 ENSMUSG00000069805 ENSRNOG00000017597 
Gm46 ENSMUSG00000071179 ENSRNOG00000026297 
Ccdc164 ENSMUSG00000073102 ENSRNOG00000024905 




Supplemental Table 4.3.  Species specific sperm proteins in the human, macaque, 
mouse and rat. 
 
Human Macaque  
Gene Name Ensembl ID Gene Name Ensembl ID 
CFH ENSG00000000971  ENSMMUG00000000079 
LIG3 ENSG00000005156 KCNU1 ENSMMUG00000000200 
CIAPIN1 ENSG00000005194 MYADM ENSMMUG00000000236 
ADIPOR2 ENSG00000006831 ADAMTS9 ENSMMUG00000000265 
DNAH9 ENSG00000007174 APC ENSMMUG00000000330 
CACNA2D2 ENSG00000007402 SHROOM4 ENSMMUG00000000378 
CELSR3 ENSG00000008300 ATXN7L1 ENSMMUG00000000383 
VTA1 ENSG00000009844 MMU.18157 ENSMMUG00000000455 
NCAPD2 ENSG00000010292 IKZF1 ENSMMUG00000000504 
WIZ ENSG00000011451 OSBPL5 ENSMMUG00000000513 
CALCOCO1 ENSG00000012822 XDH ENSMMUG00000000561 
DPEP1 ENSG00000015413 UBXN11 ENSMMUG00000000649 
ATP1A2 ENSG00000018625 PHLDB2 ENSMMUG00000000694 
HGF ENSG00000019991  ENSMMUG00000000749 
ZFP64 ENSG00000020256 TNXB ENSMMUG00000000758 
RNH1 ENSG00000023191 KLHDC3 ENSMMUG00000000766 
ABCC2 ENSG00000023839  ENSMMUG00000000813 
EHD2 ENSG00000024422 MMU.835 ENSMMUG00000000857 
RTEL1-TNFRSF6B ENSG00000026036 PLA1A ENSMMUG00000000902 
FAM13B ENSG00000031003 AKR1B1 ENSMMUG00000000917 
LRRC7 ENSG00000033122 PRUNE2 ENSMMUG00000001043 
UBA6 ENSG00000033178 RYR2 ENSMMUG00000001060 
PIAS1 ENSG00000033800 MMU.2839 ENSMMUG00000001061 
PARP3 ENSG00000041880 GLYATL1 ENSMMUG00000001083 
DCUN1D1 ENSG00000043093 LMO7 ENSMMUG00000001312 
CTNNA1 ENSG00000044115 SVIL ENSMMUG00000001374 
KIAA0556 ENSG00000047578 YTHDC2 ENSMMUG00000001376 
RSF1 ENSG00000048649 FAM214A ENSMMUG00000001423 
JKAMP ENSG00000050130 AQP7 ENSMMUG00000001545 
LIMA1 ENSG00000050405 LRRC23 ENSMMUG00000001781 
ARID4B ENSG00000054267 MMU.1569 ENSMMUG00000001798 
SYNE2 ENSG00000054654 MMU.3162 ENSMMUG00000001940 
CDK14 ENSG00000058091 SRGAP1 ENSMMUG00000001952 
LIMCH1 ENSG00000064042 KPRP ENSMMUG00000001965 
KARS ENSG00000065427 PSMD12 ENSMMUG00000002132 
TIE1 ENSG00000066056 CEP350 ENSMMUG00000002135 
ISOC1 ENSG00000066583 ALPL ENSMMUG00000002217 
EVI5 ENSG00000067208 MKI67 ENSMMUG00000002253 
NAV3 ENSG00000067798 ARID1B ENSMMUG00000002270 
ATP2B3 ENSG00000067842 MINK1 ENSMMUG00000002404 
HEATR6 ENSG00000068097 CUL2 ENSMMUG00000002469 
GPKOW ENSG00000068394 CEP192 ENSMMUG00000002512 
SRBD1 ENSG00000068784 MMU.2630 ENSMMUG00000002624 
GPR116 ENSG00000069122 PDZRN4 ENSMMUG00000002641 
DNAJA2 ENSG00000069345 TCF20 ENSMMUG00000002656 
CLTCL1 ENSG00000070371 NRXN1 ENSMMUG00000002905 
CAMK2A ENSG00000070808 MLH3 ENSMMUG00000002911 
EPHA8 ENSG00000070886  ENSMMUG00000003060 
TRIP13 ENSG00000071539 MMU.18310 ENSMMUG00000003068 
494 
DAZAP1 ENSG00000071626 MMU.12263 ENSMMUG00000003151 
CLASP1 ENSG00000074054 MEP50 ENSMMUG00000003311 
ZZEF1 ENSG00000074755 ISCA1 ENSMMUG00000003399 
ENO1 ENSG00000074800 PRKACB ENSMMUG00000003457 
TUBE1 ENSG00000074935 USP13 ENSMMUG00000003594 
KCNQ2 ENSG00000075043 PTPN13 ENSMMUG00000003726 
GTSE1 ENSG00000075218 AXDND1 ENSMMUG00000003769 
MARK3 ENSG00000075413 WFDC8 ENSMMUG00000003805 
GTF2I ENSG00000077809 MMU.17965 ENSMMUG00000003909 
UBE2K ENSG00000078140 GIGYF1 ENSMMUG00000004082 
REXO1 ENSG00000079313 ACOT7 ENSMMUG00000004094 
PAFAH1B3 ENSG00000079462 NUP35 ENSMMUG00000004140 
KIF22 ENSG00000079616 ATM ENSMMUG00000004153 
RBL1 ENSG00000080839 PFKL ENSMMUG00000004173 
PTPRC ENSG00000081237 CRISP1 ENSMMUG00000004190 
MPP4 ENSG00000082126 YLPM1 ENSMMUG00000004255 
APOB ENSG00000084674 HERC2 ENSMMUG00000004370 
CAD ENSG00000084774 LARP6 ENSMMUG00000004429 
AKR1B1 ENSG00000085662 PLXNA2 ENSMMUG00000004563 
SEPHS1 ENSG00000086475 ROCK1 ENSMMUG00000004656 
TMED2 ENSG00000086598 MMU.3153 ENSMMUG00000004705 
NSFL1C ENSG00000088833 PROCA1 ENSMMUG00000004710 
BRAP ENSG00000089234 2-Sep ENSMMUG00000004736 
KCNH4 ENSG00000089558 TRPM5 ENSMMUG00000004773 
LAG3 ENSG00000089692 MMU.18862 ENSMMUG00000004805 
NUDC ENSG00000090273  ENSMMUG00000004813 
SI ENSG00000090402 SLC22A14 ENSMMUG00000004842 
AARS ENSG00000090861 MMU.4283 ENSMMUG00000004867 
TNRC6A ENSG00000090905 DNAL4 ENSMMUG00000004868 
NRCAM ENSG00000091129 COBRA1 ENSMMUG00000004942 
PSMD5 ENSG00000095261 FAM205A ENSMMUG00000004980 
NUP188 ENSG00000095319 PCF11 ENSMMUG00000005029 
NANS ENSG00000095380 MB ENSMMUG00000005034 
VARS ENSG00000096171 RABL6 ENSMMUG00000005042 
MISP ENSG00000099812 ZNF114 ENSMMUG00000005123 
ST13 ENSG00000100380 ZFYVE1 ENSMMUG00000005140 
FKBP3 ENSG00000100442 MMU.1273 ENSMMUG00000005155 
KIAA0586 ENSG00000100578 MMU.2149 ENSMMUG00000005156 
AHSA1 ENSG00000100591 SYNM ENSMMUG00000005220 
PPM1A ENSG00000100614 KSR2 ENSMMUG00000005421 
SLC10A1 ENSG00000100652 MMU.13546 ENSMMUG00000005482 
NDRG3 ENSG00000101079 ABCC5 ENSMMUG00000005515 
TUBB1 ENSG00000101162 COL9A1 ENSMMUG00000005577 
COL20A1 ENSG00000101203 NOV ENSMMUG00000005631 
EEF1A2 ENSG00000101210 RAD54B ENSMMUG00000005659 
APMAP ENSG00000101474 MMU.2032 ENSMMUG00000005689 
USP14 ENSG00000101557 USP24 ENSMMUG00000005740 
SRPX ENSG00000101955 MMU.4308 ENSMMUG00000006062 
PGK1 ENSG00000102144 CST6 ENSMMUG00000006095 
PHEX ENSG00000102174 POLK ENSMMUG00000006144 
CAB39L ENSG00000102547 GPS2 ENSMMUG00000006207 
SETD6 ENSG00000103037 MMU.4257 ENSMMUG00000006238 
RBL2 ENSG00000103479 ECM1 ENSMMUG00000006257 
CCP110 ENSG00000103540 SENP3 ENSMMUG00000006332 
AP3B2 ENSG00000103723 L1TD1 ENSMMUG00000006485 
495 
SPG11 ENSG00000104133 MMU.3010 ENSMMUG00000006532 
EEF1D ENSG00000104529 MMU.2514 ENSMMUG00000006557 
SH2D4A ENSG00000104611 CSNK1G3 ENSMMUG00000006646 
FGL1 ENSG00000104760 MCART6 ENSMMUG00000006733 
CLPTM1 ENSG00000104853 TRANK1 ENSMMUG00000006816 
PLIN3 ENSG00000105355  ENSMMUG00000006820 
CDC37 ENSG00000105401 MMU.17815 ENSMMUG00000006857 
ATP1A3 ENSG00000105409 MMU.11980 ENSMMUG00000006895 
GRIN2D ENSG00000105464 ARF3 ENSMMUG00000006968 
TMEM205 ENSG00000105518 MMU.19518 ENSMMUG00000006970 
PIK3R2 ENSG00000105647 MMU.9638 ENSMMUG00000007039 
NAMPT ENSG00000105835 DYSF ENSMMUG00000007176 
H2AFV ENSG00000105968 COL4A6 ENSMMUG00000007205 
CAV1 ENSG00000105974 BOLA2 ENSMMUG00000007331 
CPVL ENSG00000106066 CEP250 ENSMMUG00000007335 
SERPINE1 ENSG00000106366 CSMD3 ENSMMUG00000007342 
PSMA2 ENSG00000106588 LRRC16B ENSMMUG00000007357 
KIAA1432 ENSG00000107036 MYO5C ENSMMUG00000007504 
SHB ENSG00000107338 SLC25A22 ENSMMUG00000007513 
ERLIN1 ENSG00000107566 UACA ENSMMUG00000007570 
ACTA2 ENSG00000107796 EPB41L2 ENSMMUG00000007758 
LHPP ENSG00000107902 ATR ENSMMUG00000007927 
SMC3 ENSG00000108055 CDKAL1 ENSMMUG00000007954 
DHRS11 ENSG00000108272 POLQ ENSMMUG00000007973 
KPNB1 ENSG00000108424 PPP1R9A ENSMMUG00000008008 
CPD ENSG00000108582 MMU.18413 ENSMMUG00000008179 
VAT1 ENSG00000108828 CDC40 ENSMMUG00000008182 
RANGRF ENSG00000108961 UPF2 ENSMMUG00000008241 
RCVRN ENSG00000109047 HIVEP1 ENSMMUG00000008560 
ELF2 ENSG00000109381 HAPLN4 ENSMMUG00000008578 
KLHL2 ENSG00000109466 SLC16A14 ENSMMUG00000008591 
TRIM2 ENSG00000109654 MMU.4610 ENSMMUG00000008633 
CCKBR ENSG00000110148 SIRT5 ENSMMUG00000008678 
UBE4A ENSG00000110344 MMU.3133 ENSMMUG00000008693 
NUP98 ENSG00000110713 ATP5J ENSMMUG00000008725 
CUX2 ENSG00000111249 FUT4 ENSMMUG00000008963 
TBC1D30 ENSG00000111490 KIAA0922 ENSMMUG00000009001 
GAPDH ENSG00000111640 MMU.12724 ENSMMUG00000009009 
USP5 ENSG00000111667 RIMBP2 ENSMMUG00000009048 
ENO2 ENSG00000111674  ENSMMUG00000009114 
HDDC2 ENSG00000111906 RPLP0 ENSMMUG00000009157 
ARSB ENSG00000113273 CASP8AP2 ENSMMUG00000009182 
IRX4 ENSG00000113430 SBF2 ENSMMUG00000009205 
PRLR ENSG00000113494 WARS2 ENSMMUG00000009260 
PCDH12 ENSG00000113555 ACACA ENSMMUG00000009349 
KNG1 ENSG00000113889 COBLL1 ENSMMUG00000009400 
COL7A1 ENSG00000114270 MMU.17389 ENSMMUG00000009425 
PLCH1 ENSG00000114805 LELP1 ENSMMUG00000009451 
EEF1B2 ENSG00000114942 MMU.18714 ENSMMUG00000009478 
TP53I3 ENSG00000115129 FLJ44606 ENSMMUG00000009523 
CCDC88A ENSG00000115355 MMU.437 ENSMMUG00000009548 
ABCB6 ENSG00000115657  ENSMMUG00000009562 
PARD3B ENSG00000116117 MMU.1874 ENSMMUG00000009592 
CHD5 ENSG00000116254 MMU.19117 ENSMMUG00000009598 
ASH1L ENSG00000116539 ADCY3 ENSMMUG00000009600 
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NCF2 ENSG00000116701 SPATA31E1 ENSMMUG00000009642 
PRDM2 ENSG00000116731 KIF16B ENSMMUG00000009658 
ADPRHL2 ENSG00000116863 CILP ENSMMUG00000009659 
TSNAX ENSG00000116918 NDUFB5 ENSMMUG00000009746 
TBCE ENSG00000116957 PRPS1L1 ENSMMUG00000009748 
KIF14 ENSG00000118193 MMU.11734 ENSMMUG00000009765 
WDR35 ENSG00000118965 CEP135 ENSMMUG00000009925 
RAD23B ENSG00000119318 MMU.2827 ENSMMUG00000009990 
CSF3R ENSG00000119535 FBN3 ENSMMUG00000010003 
HSPH1 ENSG00000120694 NPEPL1 ENSMMUG00000010006 
ETF1 ENSG00000120705 PRUNE ENSMMUG00000010068 
SIL1 ENSG00000120725 BCAT2 ENSMMUG00000010079 
PLS1 ENSG00000120756 ARHGEF5 ENSMMUG00000010134 
APAF1 ENSG00000120868 GJA10 ENSMMUG00000010135 
KHDRBS1 ENSG00000121774 MMU.4788 ENSMMUG00000010227 
CSMD2 ENSG00000121904 F8 ENSMMUG00000010245 
ODF2L ENSG00000122417 Q7YRC0 ENSMMUG00000010248 
CCDC18 ENSG00000122483 C2CD3 ENSMMUG00000010321 
ARL4A ENSG00000122644 MMU.9799 ENSMMUG00000010341 
PRDX4 ENSG00000123131 MMU.11801 ENSMMUG00000010420 
SEMG2 ENSG00000124157 KRT31 ENSMMUG00000010756 
VAPB ENSG00000124164 VRK3 ENSMMUG00000010837 
CSE1L ENSG00000124207 CSTF2T ENSMMUG00000010845 
TMEM189-UBE2V1 ENSG00000124208 MMU.3157 ENSMMUG00000010906 
SEMG1 ENSG00000124233 HDHD2 ENSMMUG00000010999 
NAGK ENSG00000124357 C17orf47 ENSMMUG00000011034 
HIST1H4B ENSG00000124529 KIAA2018 ENSMMUG00000011039 
SERPINB6 ENSG00000124570 SERPINA5 ENSMMUG00000011217 
NQO2 ENSG00000124588  ENSMMUG00000011372 
COL21A1 ENSG00000124749 EFCAB2 ENSMMUG00000011424 
ABCC4 ENSG00000125257 MMU.18816 ENSMMUG00000011429 
CCDC93 ENSG00000125633 COL2A1 ENSMMUG00000011444 
TMX4 ENSG00000125827 KIF4A ENSMMUG00000011463 
HNRNPR ENSG00000125944 DOCK11 ENSMMUG00000011498 
NUP214 ENSG00000126883 MMU.2246 ENSMMUG00000011513 
BCL11B ENSG00000127152 PLOD2 ENSMMUG00000011577 
TUBA4A ENSG00000127824 NRK ENSMMUG00000011601 
RNF6 ENSG00000127870 MMU.19521 ENSMMUG00000011664 
PAICS ENSG00000128050 DSC1 ENSMMUG00000011690 
LRRC4 ENSG00000128594 CD55 ENSMMUG00000011711 
GNL3L ENSG00000130119 BRP44L ENSMMUG00000011739 
KIAA1683 ENSG00000130518 FAT4 ENSMMUG00000011810 
TUBGCP2 ENSG00000130640 MMU.17964 ENSMMUG00000011825 
PNPLA7 ENSG00000130653 FSCB ENSMMUG00000011876 
UBE2M ENSG00000130725 TNRC6C ENSMMUG00000011924 
MAP3K10 ENSG00000130758 SHPRH ENSMMUG00000011955 
CLIP1 ENSG00000130779 HERC1 ENSMMUG00000012117 
BPIFA2 ENSG00000131050 EFCAB5 ENSMMUG00000012118 
CAP1 ENSG00000131236 NDUFB3 ENSMMUG00000012225 
DNAJB1 ENSG00000132002 GLIPR1L2 ENSMMUG00000012290 
NUP210 ENSG00000132182 SNX15 ENSMMUG00000012320 
SRRM1 ENSG00000133226 MMU.19546 ENSMMUG00000012388 
MYO18B ENSG00000133454 LRRC71 ENSMMUG00000012431 
AGAP3 ENSG00000133612 MMU.1936 ENSMMUG00000012449 
ELP3 ENSG00000134014 MMU.21 ENSMMUG00000012463 
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PEBP4 ENSG00000134020 ALDH1L1 ENSMMUG00000012488 
CNTN6 ENSG00000134115 TSSK4 ENSMMUG00000012496 
TRPM1 ENSG00000134160 EFR3A ENSMMUG00000012559 
ROCK2 ENSG00000134318  ENSMMUG00000012619 
CMPK2 ENSG00000134326  ENSMMUG00000012656 
MYBPC3 ENSG00000134571 GPATCH8 ENSMMUG00000012658 
PUM1 ENSG00000134644 CEP110 ENSMMUG00000012668 
DZIP1 ENSG00000134874 PLXND1 ENSMMUG00000012737 
DOCK10 ENSG00000135905 CCDC57 ENSMMUG00000012818 
SLC41A2 ENSG00000136052 POP1 ENSMMUG00000012935 
BZW2 ENSG00000136261 SCAF1 ENSMMUG00000012938 
EPRS ENSG00000136628 MMU.1984 ENSMMUG00000012962 
RPS6KC1 ENSG00000136643 CACNA1C ENSMMUG00000012988 
LRRC8A ENSG00000136802 PLEKHA1 ENSMMUG00000013040 
KIAA0368 ENSG00000136813 MMU.18732 ENSMMUG00000013070 
CDK5RAP2 ENSG00000136861 MMU.17328 ENSMMUG00000013119 
KIF12 ENSG00000136883 ATP5E ENSMMUG00000013185 
DCTN3 ENSG00000137100 SPHKAP ENSMMUG00000013254 
MYO7A ENSG00000137474 TMC5 ENSMMUG00000013329 
KIF23 ENSG00000137807 PPP2R2C ENSMMUG00000013416 
SPTBN5 ENSG00000137877 SH3GLB1 ENSMMUG00000013487 
TACC2 ENSG00000138162  ENSMMUG00000013504 
IDH1 ENSG00000138413 TOP3A ENSMMUG00000013533 
KIAA1109 ENSG00000138688 MCC ENSMMUG00000013557 
SHROOM3 ENSG00000138771 POF1B ENSMMUG00000013604 
FBN2 ENSG00000138829 GML ENSMMUG00000013627 
MMAB ENSG00000139428 DNM1 ENSMMUG00000013717 
NUPL1 ENSG00000139496 SPATA4 ENSMMUG00000013733 
VPS33A ENSG00000139719 MMU.2984 ENSMMUG00000013738 
PTGR2 ENSG00000140043 USP9Y ENSMMUG00000013753 
DUOX2 ENSG00000140279 LAMA4 ENSMMUG00000013782 
SH3GL3 ENSG00000140600 MMU.19292 ENSMMUG00000013972 
SSH2 ENSG00000141298 TUBGCP6 ENSMMUG00000014100 
TBCD ENSG00000141556 MMU.4677 ENSMMUG00000014139 
MMEL1 ENSG00000142606 EHBP1L1 ENSMMUG00000014169 
PGD ENSG00000142657 MMU.4305 ENSMMUG00000014277 
PLK4 ENSG00000142731 ANKAR ENSMMUG00000014314 
INTS3 ENSG00000143624 PPP3CC ENSMMUG00000014442 
CALM2 ENSG00000143933 PITPNB ENSMMUG00000014534 
WDPCP ENSG00000143951 MMU.9542 ENSMMUG00000014640 
GOLGA4 ENSG00000144674 ABCA12 ENSMMUG00000014813 
MYH15 ENSG00000144821 MMU.2434 ENSMMUG00000014818 
ECE2 ENSG00000145194 MMU.17699 ENSMMUG00000014890 
TENM2 ENSG00000145934 HEATR5B ENSMMUG00000014939 
FRMPD3 ENSG00000147234 CHD8 ENSMMUG00000015002 
LACTB2 ENSG00000147592 ARAP1 ENSMMUG00000015054 
HMCN2 ENSG00000148357 AKAP6 ENSMMUG00000015128 
VAX1 ENSG00000148704 MMU.4922 ENSMMUG00000015146 
AASDHPPT ENSG00000149313 DYDC1 ENSMMUG00000015210 
NGLY1 ENSG00000151092 SLK ENSMMUG00000015324 
SETBP1 ENSG00000152217 PRKDC ENSMMUG00000015347 
KCNK13 ENSG00000152315 MAST2 ENSMMUG00000015371 
IGSF10 ENSG00000152580 RET ENSMMUG00000015400 
SAR1B ENSG00000152700 PCM1 ENSMMUG00000015487 
GGPS1 ENSG00000152904 MMU.18824 ENSMMUG00000015595 
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ANAPC1 ENSG00000153107 MMU.18377 ENSMMUG00000015610 
SCN3A ENSG00000153253 CENPF ENSMMUG00000015634 
TRIP12 ENSG00000153827 MMU.17307 ENSMMUG00000015676 
UCHL1 ENSG00000154277 ABHD16A ENSMMUG00000015686 
WNT3A ENSG00000154342 MLL2 ENSMMUG00000015718 
OBSCN ENSG00000154358 CEP290 ENSMMUG00000015862 
PPP1R3A ENSG00000154415  ENSMMUG00000015945 
MRPL39 ENSG00000154719 MMU.17569 ENSMMUG00000016096 
FBXL18 ENSG00000155034 CNP ENSMMUG00000016114 
SETD9 ENSG00000155542 MMU.3168 ENSMMUG00000016125 
ADCY8 ENSG00000155897 MMU.2199 ENSMMUG00000016278 
RASA2 ENSG00000155903 LRCH1 ENSMMUG00000016293 
ADK ENSG00000156110 PARP9 ENSMMUG00000016381 
RPGR ENSG00000156313 C15H9ORF117 ENSMMUG00000016423 
SORCS3 ENSG00000156395 DGKK ENSMMUG00000016492 
SH3RF2 ENSG00000156463 LINS ENSMMUG00000016503 
SMG1 ENSG00000157106 MMU.1892 ENSMMUG00000016608 
PALM2-AKAP2 ENSG00000157654 ZNF579 ENSMMUG00000016614 
PSMD4 ENSG00000159352  ENSMMUG00000016643 
EFCAB14 ENSG00000159658 C9ORF93 ENSMMUG00000016731 
LRRC36 ENSG00000159708 MMU.2433 ENSMMUG00000016806 
PKN3 ENSG00000160447 LAMB3 ENSMMUG00000016925 
SPTBN4 ENSG00000160460 MMU.2107 ENSMMUG00000016942 
GRIN2C ENSG00000161509 MMU.3024 ENSMMUG00000016945 
ITGA5 ENSG00000161638  ENSMMUG00000016960 
AMDHD2 ENSG00000162066 MMU.1687 ENSMMUG00000016997 
C1orf123 ENSG00000162384 MMU.3611 ENSMMUG00000017017 
C2orf44 ENSG00000163026 ZC3H13 ENSMMUG00000017025 
ADCK3 ENSG00000163050 MMU.11157 ENSMMUG00000017028 
TOPBP1 ENSG00000163781 RARS2 ENSMMUG00000017039 
LZTFL1 ENSG00000163818 LYRM7 ENSMMUG00000017068 
ZMYM6 ENSG00000163867 ANKRD11 ENSMMUG00000017161 
PGRMC2 ENSG00000164040 LGALS1 ENSMMUG00000017187 
CAMP ENSG00000164047 LOXHD1 ENSMMUG00000017246 
ETNPPL ENSG00000164089 MMU.18937 ENSMMUG00000017283 
PRRC1 ENSG00000164244 ZPBP2 ENSMMUG00000017341 
HIST1H2AA ENSG00000164508 GK ENSMMUG00000017343 
CDCA7L ENSG00000164649 PBRM1 ENSMMUG00000017361 
KIAA1429 ENSG00000164944 TSSK2 ENSMMUG00000017385 
PRKACG ENSG00000165059 DDX4 ENSMMUG00000017386 
QSOX2 ENSG00000165661 SMOC1 ENSMMUG00000017430 
STK32C ENSG00000165752 ADAM30 ENSMMUG00000017482 
PSMC3 ENSG00000165916 MMU.12805 ENSMMUG00000017507 
CLMN ENSG00000165959 PRDM10 ENSMMUG00000017555 
KIAA1731 ENSG00000166004 DEFB131 ENSMMUG00000017580 
TMCO5A ENSG00000166069 DEFB136 ENSMMUG00000017581 
DPCD ENSG00000166171 BTAF1 ENSMMUG00000017627 
ST5 ENSG00000166444 GUCY2D ENSMMUG00000017723 
NDST2 ENSG00000166507 CRYBG3 ENSMMUG00000017871 
A2ML1 ENSG00000166535 CNGB3 ENSMMUG00000017889 
PIP4K2C ENSG00000166908 SLC44A5 ENSMMUG00000017907 
MARS ENSG00000166986 C9ORF116 ENSMMUG00000017918 
DPEP2 ENSG00000167261 ERCC6 ENSMMUG00000017943 
KLK6 ENSG00000167755 TRNT1 ENSMMUG00000017983 
OTUB1 ENSG00000167770 SLC25A19 ENSMMUG00000018031 
499 
ATP5H ENSG00000167863 FAT1 ENSMMUG00000018051 
KRT24 ENSG00000167916 ALS2CR11 ENSMMUG00000018144 
DDB1 ENSG00000167986  ENSMMUG00000018220 
STIP1 ENSG00000168439 MMU.1547 ENSMMUG00000018285 
GBX2 ENSG00000168505 ABCA15 ENSMMUG00000018286 
GFRA2 ENSG00000168546 MMU.10542 ENSMMUG00000018306 
ADAM29 ENSG00000168594 SPATA3 ENSMMUG00000018388 
TET2 ENSG00000168769 CASP14 ENSMMUG00000018392 
ZNF608 ENSG00000168916 MMU.19072 ENSMMUG00000018402 
INPP5D ENSG00000168918 DUSP23 ENSMMUG00000018444 
ACTBL2 ENSG00000169067 SETX ENSMMUG00000018468 
APEX2 ENSG00000169188 ARF4 ENSMMUG00000018617 
DCXR ENSG00000169738 MMU.13468 ENSMMUG00000018685 
YWHAG ENSG00000170027 KIF24 ENSMMUG00000018726 
PDCD6IP ENSG00000170248 MMU.3289 ENSMMUG00000018738 
KRT75 ENSG00000170454 MAP2 ENSMMUG00000018741 
COMMD5 ENSG00000170619 CCDC116 ENSMMUG00000018799 
INSR ENSG00000171105 DGKA ENSMMUG00000018814 
KRT13 ENSG00000171401 GTF2IRD1 ENSMMUG00000018842 
KRT9 ENSG00000171403 ABHD17B ENSMMUG00000018880 
DSEL ENSG00000171451 MMU.3904 ENSMMUG00000018910 
PCDHB1 ENSG00000171815 GPR98 ENSMMUG00000018976 
JMJD1C ENSG00000171988 MMU.4372 ENSMMUG00000018977 
CYCS ENSG00000172115 MMU.4381 ENSMMUG00000019016 
SLFN12 ENSG00000172123 MMU.2450 ENSMMUG00000019023 
BPGM ENSG00000172331 DAAM2 ENSMMUG00000019072 
IL16 ENSG00000172349 NARF ENSMMUG00000019224 
SYNPO2 ENSG00000172403 TDRD6 ENSMMUG00000019252 
KLHL6 ENSG00000172578 ZC3H3 ENSMMUG00000019255 
HSPA6 ENSG00000173110 MMU.3531 ENSMMUG00000019261 
MST1 ENSG00000173531 MMU.1459 ENSMMUG00000019273 
CTSF ENSG00000174080 MYO9A ENSMMUG00000019278 
KIAA1239 ENSG00000174145 C1ORF227 ENSMMUG00000019289 
DCTN2 ENSG00000175203 MMU.13401 ENSMMUG00000019332 
PCSK1 ENSG00000175426 APBA2 ENSMMUG00000019339 
RUVBL1 ENSG00000175792 UTRN ENSMMUG00000019438 
SSNA1 ENSG00000176101 MMU.19178 ENSMMUG00000019461 
LRRC37A3 ENSG00000176809 SMARCAL1 ENSMMUG00000019539 
DPP7 ENSG00000176978 MMU.2291 ENSMMUG00000019630 
FMR1NB ENSG00000176988 MMU.19135 ENSMMUG00000019669 
DSCAML1 ENSG00000177103 SESTD1 ENSMMUG00000019690 
PTRF ENSG00000177469 SUV39H1 ENSMMUG00000019768 
RBM44 ENSG00000177483 MTHFD1L ENSMMUG00000019774 
TUFM ENSG00000178952 CEP170 ENSMMUG00000019914 
ARID3B ENSG00000179361 MMU.17310 ENSMMUG00000019959 
HIST2H4B ENSG00000182217 SRGAP3 ENSMMUG00000020014 
NPLOC4 ENSG00000182446 GRIPAP1 ENSMMUG00000020059 
KPNA2 ENSG00000182481  ENSMMUG00000020092 
RBM10 ENSG00000182872 CCDC90B ENSMMUG00000020154 
NEB ENSG00000183091 VDAC3 ENSMMUG00000020185 
RUVBL2 ENSG00000183207 PATE1 ENSMMUG00000020210 
EP400 ENSG00000183495 HIRIP3 ENSMMUG00000020275 
HIST2H3D ENSG00000183598 SEC16B ENSMMUG00000020320 
HIST2H4A ENSG00000183941  ENSMMUG00000020377 
DIABLO ENSG00000184047 LGALS7 ENSMMUG00000020396 
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NUTM1 ENSG00000184507 SERPINA1 ENSMMUG00000020426 
HIST2H2BE ENSG00000184678 EPS8 ENSMMUG00000020431 
ATL3 ENSG00000184743 CHD6 ENSMMUG00000020458 
LRRC37B ENSG00000185158 ATAD2 ENSMMUG00000020467 
ROR1 ENSG00000185483 ZNF329 ENSMMUG00000020504 
PSMD13 ENSG00000185627 PPP6R1 ENSMMUG00000020520 
UBE2L3 ENSG00000185651 MMU.2038 ENSMMUG00000020522 
KCNQ5 ENSG00000185760 GPR179 ENSMMUG00000020528 
CYP4Z1 ENSG00000186160  ENSMMUG00000020537 
KPNA4 ENSG00000186432 IQSEC2 ENSMMUG00000020555 
KRT14 ENSG00000186847 NIPSNAP3B ENSMMUG00000020607 
P2RY4 ENSG00000186912  ENSMMUG00000020634 
DYNC2H1 ENSG00000187240 PTCHD3 ENSMMUG00000020657 
COL4A5 ENSG00000188153 CCDC88C ENSMMUG00000020687 
FOCAD ENSG00000188352 NUDT2 ENSMMUG00000020769 
HBA2 ENSG00000188536 MMU.11177 ENSMMUG00000020772 
HIST1H4D ENSG00000188987 MMU.2659 ENSMMUG00000020819 
HIST1H4A ENSG00000196176 CXorf61 ENSMMUG00000020850 
MPHOSPH8 ENSG00000196199 ART3 ENSMMUG00000020907 
NIF3L1 ENSG00000196290 STX2 ENSMMUG00000020926 
TRRAP ENSG00000196367 GRHL2 ENSMMUG00000020995 
MYL6B ENSG00000196465 RANBP2 ENSMMUG00000021019 
SLC6A9 ENSG00000196517 ANXA6 ENSMMUG00000021053 
LAMA2 ENSG00000196569 KCNT2 ENSMMUG00000021082 
HIST1H4C ENSG00000197061 MMU.2529 ENSMMUG00000021286 
HIST1H4J ENSG00000197238 EPHB1 ENSMMUG00000021334 
C5orf42 ENSG00000197603 CDK12 ENSMMUG00000021350 
HIST4H4 ENSG00000197837 PDHA2 ENSMMUG00000021359 
HIST1H4K ENSG00000197914 ABCA2 ENSMMUG00000021434 
HIST1H4F ENSG00000198327 VPS13D ENSMMUG00000021449 
HIST1H4I ENSG00000198339 MMU.17823 ENSMMUG00000021459 
GFPT1 ENSG00000198380 KIAA1462 ENSMMUG00000021559 
UVRAG ENSG00000198382 ZNF71 ENSMMUG00000021675 
HIST1H4E ENSG00000198518 PTGIS ENSMMUG00000021692 
WDHD1 ENSG00000198554 PPFIBP1 ENSMMUG00000021737 
HIST1H4L ENSG00000198558 ITGA9 ENSMMUG00000021927 
SPANXC ENSG00000198573 BOD1L ENSMMUG00000022027 
ZNF521 ENSG00000198795 CYLC1 ENSMMUG00000022081 
ALPK2 ENSG00000198796 MMU.12078 ENSMMUG00000022154 
HIST2H3C ENSG00000203811 PI4KA ENSMMUG00000022167 
HIST2H3A ENSG00000203852 PFKFB2 ENSMMUG00000022170 
RBM20 ENSG00000203867 PIK3C2G ENSMMUG00000022174 
GDI1 ENSG00000203879 PLCZ1 ENSMMUG00000022175 
LRIT2 ENSG00000204033 CHD3 ENSMMUG00000022221 
HSPA1B ENSG00000204388 CNTROB ENSMMUG00000022225 
HSPA1A ENSG00000204389 HOXD1 ENSMMUG00000022277 
GPANK1 ENSG00000204438 ASCC3 ENSMMUG00000022287 
PRRC2A ENSG00000204469 RPS9 ENSMMUG00000022552 
GPR56 ENSG00000205336 MMU.1135 ENSMMUG00000022585 
IPO7 ENSG00000205339 DSG1 ENSMMUG00000022703 
LCMT1 ENSG00000205629 SVEP1 ENSMMUG00000022759 
NYNRIN ENSG00000205978 ZAN ENSMMUG00000022840 
HBA1 ENSG00000206172 MMU.11621 ENSMMUG00000022860 
DDAH2 ENSG00000206395 MMU.2530 ENSMMUG00000022967 
TSN ENSG00000211460 MYOM3 ENSMMUG00000023052 
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HSPA1B ENSG00000212866 C1H1ORF69 ENSMMUG00000023087 
NUP62 ENSG00000213024 NCOR2 ENSMMUG00000023107 
GPC2 ENSG00000213420 ITPR2 ENSMMUG00000023128 
PPP1CB ENSG00000213639 SMG6 ENSMMUG00000023161 
DDAH2 ENSG00000213722 STK31 ENSMMUG00000023196 
DCDC2C ENSG00000214866 GC ENSMMUG00000023241 
SPATA31D1 ENSG00000214929 MYST4 ENSMMUG00000023488 
ZNF844 ENSG00000223547 MMU.11013 ENSMMUG00000023558 
GPANK1 ENSG00000223932 ZNFX1 ENSMMUG00000023623 
HSPA1B ENSG00000224501 ADCK1 ENSMMUG00000023627 
DDAH2 ENSG00000225635 PLEKHG5 ENSMMUG00000023678 
VARS ENSG00000226589  ENSMMUG00000023680 
DDAH2 ENSG00000226634 TUBB2B ENSMMUG00000023785 
DDAH2 ENSG00000227317 LCN2 ENSMMUG00000023801 
DDAH2 ENSG00000228128 MYH10 ENSMMUG00000023803 
HSPA1B ENSG00000231555 ADAM32 ENSMMUG00000029007 
GPANK1 ENSG00000232312  ENSMMUG00000029037 
HSPA1B ENSG00000232804 SPG7 ENSMMUG00000029065 
DDAH2 ENSG00000233076  ENSMMUG00000029319 
HSPA1A ENSG00000234475 MMU.17814 ENSMMUG00000029450 
HSPA1A ENSG00000235941 MMU.18994 ENSMMUG00000029714 
HSPA1A ENSG00000237724 MMU.19487 ENSMMUG00000029907 
LRRC37A2 ENSG00000238083 C1orf194 ENSMMUG00000030300 
PCDHA13 ENSG00000239389 PTCD1 ENSMMUG00000030408 
TMEM189 ENSG00000240849  ENSMMUG00000030892 
AKAP2 ENSG00000241978  ENSMMUG00000031049 
NME1-NME2 ENSG00000243678 MMU.19317 ENSMMUG00000031231 
CCDC13 ENSG00000244607 ZDBF2 ENSMMUG00000031276 
OR2AE1 ENSG00000244623  ENSMMUG00000031474 
HBB ENSG00000244734 ADAM1 ENSMMUG00000031545 
DPP3 ENSG00000254986 MMU.2449 ENSMMUG00000031838 
PSMA2 ENSG00000256646 KRT83 ENSMMUG00000031924 
PRSS58 ENSG00000258223 MMU.2084 ENSMMUG00000032068 
RTEL1 ENSG00000258366   
THTPA ENSG00000259431   
ACLY ENSG00000260245   
PRSS58 ENSG00000260736   
TEKT4 ENSG00000260842   
TRRAP ENSG00000261023   
QSOX2 ENSG00000261074   
PLEC ENSG00000261109   
RAB5C ENSG00000261378   
DHRS11 ENSG00000261508   
JUP ENSG00000261577   
KLHL10 ENSG00000261631   
MYO7A ENSG00000261910   
DSEL ENSG00000262102   
PTPRC ENSG00000262418   
KPNA2 ENSG00000262472   
SSBP1 ENSG00000262771   
HYOU1 ENSG00000262812   
INTS3 ENSG00000262826   
MDH2 ENSG00000262847   
BPTF ENSG00000262858   
GTF2I ENSG00000263001   
502 
ATP2B3 ENSG00000263148   
TUBE1 ENSG00000264528   
HIST2H2BE ENSG00000264719   
HIST2H3D ENSG00000265133   
LIN37 ENSG00000267796   




Gene Name Ensembl ID Gene Name Ensembl ID 
Dlat ENSMUSG00000000168 Pkib ENSRNOG00000000811 
Sdhd ENSMUSG00000000171 Asl ENSRNOG00000000903 
Ckmt1 ENSMUSG00000000308 Tecpr1 ENSRNOG00000001010 
Comt ENSMUSG00000000326 RGD1309762 ENSRNOG00000001352 
Spg7 ENSMUSG00000000738 Usp25 ENSRNOG00000001573 
Agpat3 ENSMUSG00000001211 Cpox ENSRNOG00000001654 
Cyp51 ENSMUSG00000001467 Ppp1r2 ENSRNOG00000001733 
Tubb5 ENSMUSG00000001525 Cabs1 ENSRNOG00000001950 
Gstt3 ENSMUSG00000001665 4930563D23Rik ENSRNOG00000001986 
Naglu ENSMUSG00000001751 Pdcl2 ENSRNOG00000002169 
Folh1 ENSMUSG00000001773 Pctp ENSRNOG00000002425 
Cpa3 ENSMUSG00000001865 Atp7a ENSRNOG00000002515 
Ssr4 ENSMUSG00000002014 Ptgs2 ENSRNOG00000002525 
Bcap31 ENSMUSG00000002015 Mcts1 ENSRNOG00000002563 
Napsa ENSMUSG00000002204 Lamc1 ENSRNOG00000002680 
Dhrs1 ENSMUSG00000002332 Prpsap2 ENSRNOG00000002724 
Ndufa11 ENSMUSG00000002379 Dcaf6 ENSRNOG00000003078 
Kdelr1 ENSMUSG00000002778 Nudcd2 ENSRNOG00000003225 
Timmdc1 ENSMUSG00000002846 Qdpr ENSRNOG00000003253 
Ap2a2 ENSMUSG00000002957 Cops3 ENSRNOG00000003315 
Mrpl4 ENSMUSG00000003299 Fdxr ENSRNOG00000003387 
Glg1 ENSMUSG00000003316 Dusp27 ENSRNOG00000003722 
Timm50 ENSMUSG00000003438 Dars ENSRNOG00000003743 
Dusp3 ENSMUSG00000003518 Acot9 ENSRNOG00000003782 
Prodh ENSMUSG00000003526 RGD1308775 ENSRNOG00000004112 
Gcdh ENSMUSG00000003809 Pa2g4 ENSRNOG00000004904 
Rpl8 ENSMUSG00000003970 Shmt1 ENSRNOG00000005275 
Gstm7 ENSMUSG00000004035 Atxn3 ENSRNOG00000005470 
Dnaja3 ENSMUSG00000004069 Rpia ENSRNOG00000005576 
Psap ENSMUSG00000004207 Txn2 ENSRNOG00000005614 
Mtfp1 ENSMUSG00000004748 Arfgef1 ENSRNOG00000005703 
Prdx2 ENSMUSG00000005161 SNX5 ENSRNOG00000006077 
Tbl2 ENSMUSG00000005374 Gclc ENSRNOG00000006302 
Por ENSMUSG00000005514 Lama5 ENSRNOG00000006479 
Mthfd2 ENSMUSG00000005667 Cops5 ENSRNOG00000006499 
Uqcc ENSMUSG00000005882 Mif ENSRNOG00000006589 
Napa ENSMUSG00000006024 Dcaf8 ENSRNOG00000006785 
Htra1 ENSMUSG00000006205 Cluap1 ENSRNOG00000007117 
Ggt1 ENSMUSG00000006345 Ift74 ENSRNOG00000008075 
Gcat ENSMUSG00000006378 Igbp1b ENSRNOG00000008125 
Defb2 ENSMUSG00000006570 Thoc5 ENSRNOG00000008456 
Slc4a1 ENSMUSG00000006574 RGD1564345 ENSRNOG00000008594 
Clic1 ENSMUSG00000007041 Strada ENSRNOG00000008637 
Mrpl49 ENSMUSG00000007338 Arhgap32 ENSRNOG00000008709 
Vdac3 ENSMUSG00000008892 Dtd1 ENSRNOG00000008746 
503 
Gstt4 ENSMUSG00000009093 Fkbp1a ENSRNOG00000008822 
Mpo ENSMUSG00000009350 Tsta3 ENSRNOG00000009020 
Kdsr ENSMUSG00000009905 Txnrd1 ENSRNOG00000009088 
Aldh3a2 ENSMUSG00000010025 Psen1 ENSRNOG00000009110 
Rpl15 ENSMUSG00000012405 Fuca1 ENSRNOG00000009325 
Atp6v0d1 ENSMUSG00000013160 Fam221a ENSRNOG00000009447 
Timm23 ENSMUSG00000013701 Ddhd1 ENSRNOG00000009481 
Pam16 ENSMUSG00000014301 Nampt ENSRNOG00000009754 
Surf4 ENSMUSG00000014867 1110032F04Rik ENSRNOG00000009803 
Trappc2l ENSMUSG00000015013 1700003E16Rik ENSRNOG00000009917 
Clic3 ENSMUSG00000015093 Vtn ENSRNOG00000010031 
Nipsnap3a ENSMUSG00000015242 Hexa ENSRNOG00000010252 
Surf1 ENSMUSG00000015790 Srpk2 ENSRNOG00000010601 
Dstn ENSMUSG00000015932 Car1 ENSRNOG00000010698 
H2afy ENSMUSG00000015937 Tsga13 ENSRNOG00000011108 
Slc25a5 ENSMUSG00000016319 Coq6 ENSRNOG00000011164 
5033414D02Rik ENSMUSG00000016495 Depdc7 ENSRNOG00000012262 
Lamp2 ENSMUSG00000016534 Pla2g6 ENSRNOG00000012295 
Krt27 ENSMUSG00000017588 RGD1565212 ENSRNOG00000012402 
Rhot1 ENSMUSG00000017686 Uqcrh ENSRNOG00000012550 
Eppin ENSMUSG00000017733 Wdr61 ENSRNOG00000012803 
Myo1c ENSMUSG00000017774 Dnajc5b ENSRNOG00000012851 
Hspb9 ENSMUSG00000017832 Gpr124 ENSRNOG00000012991 
Wfdc15b ENSMUSG00000018211 Dnajb4 ENSRNOG00000013011 
Myo1b ENSMUSG00000018417 Kif13b ENSRNOG00000013089 
Cenpv ENSMUSG00000018509 Nudt2 ENSRNOG00000013110 
Slc25a35 ENSMUSG00000018740  ENSRNOG00000013206 
Mpdu1 ENSMUSG00000018761 Pdcd5 ENSRNOG00000013250 
Fis1 ENSMUSG00000019054 Sall2 ENSRNOG00000013287 
Slc25a22 ENSMUSG00000019082 Crisp3 ENSRNOG00000013496 
Atp6v1e1 ENSMUSG00000019210 Stat1 ENSRNOG00000014079 
Pcmt1 ENSMUSG00000019795 RGD1304592 ENSRNOG00000014382 
Gm872 ENSMUSG00000020014 Cars2 ENSRNOG00000014526 
Hal ENSMUSG00000020017 Stk33 ENSRNOG00000014590 
Rab1 ENSMUSG00000020149 Atxn10 ENSRNOG00000014637 
4930415F15Rik ENSMUSG00000020191 Igfals ENSRNOG00000015061 
Col6a2 ENSMUSG00000020241 Col4a3 ENSRNOG00000015365 
Hint1 ENSMUSG00000020267 Pdilt ENSRNOG00000015368 
Acsl6 ENSMUSG00000020333 Npas1 ENSRNOG00000015376 
Ppp2ca ENSMUSG00000020349 Ppp6r3 ENSRNOG00000015540 
Gnb2l1 ENSMUSG00000020372 Ube3a ENSRNOG00000015734 
Vdac1 ENSMUSG00000020402 Rcn2 ENSRNOG00000015780 
Arf5 ENSMUSG00000020440 PECR ENSRNOG00000015809 
Pnpt1 ENSMUSG00000020464 Cnnm4 ENSRNOG00000015886 
Dynll2 ENSMUSG00000020483 Cetn1 ENSRNOG00000016409 
Mrpl22 ENSMUSG00000020514 Nox3 ENSRNOG00000016490 
Rab10 ENSMUSG00000020671 Pifo ENSRNOG00000016842 
Acox1 ENSMUSG00000020777 Pask ENSRNOG00000016888 
Nme2 ENSMUSG00000020857 Ppp2r2d ENSRNOG00000016940 
Lrrc59 ENSMUSG00000020869 Fbxo36 ENSRNOG00000017053 
Myh10 ENSMUSG00000020900 B2m ENSRNOG00000017123 
Krt36 ENSMUSG00000020916 Spef2 ENSRNOG00000017442 
Dcakd ENSMUSG00000020935 Acp6 ENSRNOG00000017494 
Galc ENSMUSG00000021003 Ubac1 ENSRNOG00000017983 
Slirp ENSMUSG00000021040 Dctn5 ENSRNOG00000018048 
504 
Spnb1 ENSMUSG00000021061 Lactb ENSRNOG00000018081 
Tmx1 ENSMUSG00000021072 Ndufab1 ENSRNOG00000018129 
Arg2 ENSMUSG00000021125 Slc27a1 ENSRNOG00000018170 
Acot2 ENSMUSG00000021226 Dynlt1 ENSRNOG00000018207 
Isca2 ENSMUSG00000021241 Eno4 ENSRNOG00000018310 
2010107E04Rik ENSMUSG00000021290 Cul9 ENSRNOG00000018372 
Tmem14c ENSMUSG00000021361 Apoe ENSRNOG00000018454 
Ssr1 ENSMUSG00000021427 Rabep2 ENSRNOG00000018462 
Auh ENSMUSG00000021460 Slc3a2 ENSRNOG00000018487 
Sfxn1 ENSMUSG00000021474 1700019O17Rik ENSRNOG00000018559 
Pcbd2 ENSMUSG00000021496 Nup93 ENSRNOG00000018564 
Pdcd6 ENSMUSG00000021576 Phkg2 ENSRNOG00000018725 
Sdha ENSMUSG00000021577 Slc7a5 ENSRNOG00000018824 
Ccdc127 ENSMUSG00000021578 Notch2 ENSRNOG00000018835 
Erap1 ENSMUSG00000021583 Slco6b1 ENSRNOG00000019252 
Mccc2 ENSMUSG00000021646 RGD1311676 ENSRNOG00000019427 
Hexb ENSMUSG00000021665 RGD1305235 ENSRNOG00000019489 
Gfm2 ENSMUSG00000021666 Isyna1 ENSRNOG00000019741 
Scamp1 ENSMUSG00000021687 Muc5b ENSRNOG00000019846 
Nln ENSMUSG00000021710 Coasy ENSRNOG00000019918 
Emb ENSMUSG00000021728 Fam170b ENSRNOG00000020077 
Ppap2a ENSMUSG00000021759 Lrrc51 ENSRNOG00000020124 
Comtd1 ENSMUSG00000021773 Mvp ENSRNOG00000020182 
Txndc16 ENSMUSG00000021830 Pacs1 ENSRNOG00000020350 
Ogdhl ENSMUSG00000021913 Gsk3a ENSRNOG00000020417 
Ctsb ENSMUSG00000021939 Camk4 ENSRNOG00000020478 
Prss52 ENSMUSG00000021966 Catsperg1 ENSRNOG00000020576 
Mipep ENSMUSG00000021993 Eif3g ENSRNOG00000020619 
Ephx2 ENSMUSG00000022040 Dkkl1 ENSRNOG00000020686 
Itm2b ENSMUSG00000022108 Nbr1 ENSRNOG00000020730 
Dad1 ENSMUSG00000022174 Shkbp1 ENSRNOG00000020882 
Dhrs4 ENSMUSG00000022210 Atp4a ENSRNOG00000020985 
Tgm1 ENSMUSG00000022218 Siglech ENSRNOG00000021499 
Cma1 ENSMUSG00000022225 Cspp1 ENSRNOG00000021718 
Mtdh ENSMUSG00000022255 Csnka2ip ENSRNOG00000021791 
Hrsp12 ENSMUSG00000022323 Ccdc38 ENSRNOG00000021892 
Mrpl13 ENSMUSG00000022370  ENSRNOG00000022081 
Xpnpep3 ENSMUSG00000022401 Pafah2 ENSRNOG00000022288 
Tomm22 ENSMUSG00000022427 Fdx1l ENSRNOG00000023020 
Adck5 ENSMUSG00000022550 RGD1563528 ENSRNOG00000023163 
1700016M24Rik ENSMUSG00000022603 Dnajb3 ENSRNOG00000023172 
Pdxdc1 ENSMUSG00000022680 Fam78a ENSRNOG00000023352 
Pmm2 ENSMUSG00000022711  ENSRNOG00000023627 
Arl6 ENSMUSG00000022722 Crabp1 ENSRNOG00000023633 
Sdf2l1 ENSMUSG00000022769 Cyct ENSRNOG00000024457 
Ehhadh ENSMUSG00000022853 Greb1 ENSRNOG00000024651 
Eif4a2 ENSMUSG00000022884  ENSRNOG00000024875 
Psmg1 ENSMUSG00000022913 Atp8b3 ENSRNOG00000024975 
4930415O20Rik ENSMUSG00000022993  ENSRNOG00000025214 
Epb4.2 ENSMUSG00000023216 Ms4a14 ENSRNOG00000025805 
Mrpl14 ENSMUSG00000023939 Ms4a5 ENSRNOG00000025857 
Ppil1 ENSMUSG00000024007 Mroh3 ENSRNOG00000025987 
Lrpprc ENSMUSG00000024120  ENSRNOG00000026175 
2900010M23Rik ENSMUSG00000024208  ENSRNOG00000026195 
Lyzl1 ENSMUSG00000024233 Dnajc5g ENSRNOG00000026578 
505 
Mrpl27 ENSMUSG00000024414 Ypel5 ENSRNOG00000026742 
Sec11c ENSMUSG00000024516  ENSRNOG00000027492 
Psmg2 ENSMUSG00000024537 Gart ENSRNOG00000028292 
Csnk1a1 ENSMUSG00000024576 Atp5l ENSRNOG00000028884 
Fech ENSMUSG00000024588 RGD1563554 ENSRNOG00000029559 
Rps14 ENSMUSG00000024608 Lrrc4c ENSRNOG00000029798 
Timm21 ENSMUSG00000024645 Clca4 ENSRNOG00000029889 
Cyb5 ENSMUSG00000024646 RGD1560207 ENSRNOG00000030048 
Rtn3 ENSMUSG00000024758 Ccdc173 ENSRNOG00000030535 
Ak3 ENSMUSG00000024782 Atp6v1h ENSRNOG00000030862 
Zfpl1 ENSMUSG00000024792 Slco6d1 ENSRNOG00000031146 
Gldc ENSMUSG00000024827 Ccdc27 ENSRNOG00000031732 
Nudt8 ENSMUSG00000024869 RGD1560997 ENSRNOG00000032132 
Rab1b ENSMUSG00000024870 Rab11fip3 ENSRNOG00000032152 
Pcx ENSMUSG00000024892 Cdyl ENSRNOG00000032215 
Mrpl11 ENSMUSG00000024902 Plcd1 ENSRNOG00000032238 
Arl2 ENSMUSG00000024944 Sfn ENSRNOG00000033153 
Aldh18a1 ENSMUSG00000025007 Sppl2b ENSRNOG00000033794 
Tm9sf3 ENSMUSG00000025016 Ces2c ENSRNOG00000036571 
Dusp21 ENSMUSG00000025043  ENSRNOG00000036598 
Gyk ENSMUSG00000025059 Ralgapa2 ENSRNOG00000036964 
Cbr2 ENSMUSG00000025150 Odf3b ENSRNOG00000037060 
Sfxn3 ENSMUSG00000025212 Prss50 ENSRNOG00000037175 
Rps24 ENSMUSG00000025290 RGD1562492 ENSRNOG00000037219 
Cnpy2 ENSMUSG00000025381 1700080E11Rik ENSRNOG00000037305 
Shmt2 ENSMUSG00000025403 Pole ENSRNOG00000037449 
Apool ENSMUSG00000025525 Adam6 ENSRNOG00000037524 
Gusb ENSMUSG00000025534 Defb9 ENSRNOG00000038149 
Prps2 ENSMUSG00000025742 Ptgr2 ENSRNOG00000038166 
Dhtkd1 ENSMUSG00000025815 Adam24 ENSRNOG00000038671 
Hspd1 ENSMUSG00000025980 RGD1564308 ENSRNOG00000038819 
Prss39 ENSMUSG00000026125 MGC112692 ENSRNOG00000039282 
Serpine2 ENSMUSG00000026249 Fam71f2 ENSRNOG00000039383 
Actr3 ENSMUSG00000026341  ENSRNOG00000039574 
Cyb5r1 ENSMUSG00000026456 Abca17 ENSRNOG00000039656 
Acbd3 ENSMUSG00000026499 Adgb ENSRNOG00000042741 
Pycr2 ENSMUSG00000026520 Mycbpap ENSRNOG00000042912 
Wdr64 ENSMUSG00000026523 Fdps ENSRNOG00000043377 
Copa ENSMUSG00000026553   
Angel2 ENSMUSG00000026634   
1700009P17Rik ENSMUSG00000026649   
Mrc1 ENSMUSG00000026712   
Yme1l1 ENSMUSG00000026775   
Acbd5 ENSMUSG00000026781   
Mrrf ENSMUSG00000026887   
Morn5 ENSMUSG00000026894   
Lcn5 ENSMUSG00000026937   
4921530D09Rik ENSMUSG00000026940   
Galnt3 ENSMUSG00000026994   
Frzb ENSMUSG00000027004   
Dnajc10 ENSMUSG00000027006   
Hsd17b12 ENSMUSG00000027195   
Mdk ENSMUSG00000027239   
Siglec1 ENSMUSG00000027322   
Slc27a2 ENSMUSG00000027359   
506 
Prom2 ENSMUSG00000027376   
Tgm3 ENSMUSG00000027401   
Cst12 ENSMUSG00000027443   
9230104L09Rik ENSMUSG00000027446   
Slc52a3 ENSMUSG00000027463   
Rab22a ENSMUSG00000027519   
Ggt7 ENSMUSG00000027603   
Eif6 ENSMUSG00000027613   
Rpn2 ENSMUSG00000027642   
Dnajc19 ENSMUSG00000027679   
Gfm1 ENSMUSG00000027774   
S100a11 ENSMUSG00000027907   
Tpm3 ENSMUSG00000027940   
Abcd3 ENSMUSG00000028127   
Riiad1 ENSMUSG00000028139   
Cisd2 ENSMUSG00000028165   
Ndufaf4 ENSMUSG00000028261   
Ube2j1 ENSMUSG00000028277   
Alad ENSMUSG00000028393   
Echdc2 ENSMUSG00000028601   
Scp2 ENSMUSG00000028603   
Ppt1 ENSMUSG00000028657   
Capzb ENSMUSG00000028745   
Ddost ENSMUSG00000028757   
Adc ENSMUSG00000028789   
Rcc1 ENSMUSG00000028896   
Rpl22 ENSMUSG00000028936   
Pmpcb ENSMUSG00000029017   
Atad3a ENSMUSG00000029036   
2810405K02Rik ENSMUSG00000029059   
Gnb1 ENSMUSG00000029064   
Acox3 ENSMUSG00000029098   
Lrpap1 ENSMUSG00000029103   
Plb1 ENSMUSG00000029134   
Ociad2 ENSMUSG00000029153   
Cwh43 ENSMUSG00000029154   
1700023E05Rik ENSMUSG00000029248   
Hsd17b11 ENSMUSG00000029311   
Scarb2 ENSMUSG00000029426   
Gbas ENSMUSG00000029432   
Wdr66 ENSMUSG00000029442   
Aldh2 ENSMUSG00000029455   
Atp2a2 ENSMUSG00000029467   
Morn3 ENSMUSG00000029477   
Iqcd ENSMUSG00000029601   
Gnb2 ENSMUSG00000029713   
1700012A03Rik ENSMUSG00000029766   
Gpnmb ENSMUSG00000029816   
Mtpn ENSMUSG00000029840   
Gstk1 ENSMUSG00000029864   
Agk ENSMUSG00000029916   
Nfu1 ENSMUSG00000029993   
Pcyox1 ENSMUSG00000029998   
Mogs ENSMUSG00000030036   
Mrpl53 ENSMUSG00000030037   
507 
Copg ENSMUSG00000030058   
Sec61a1 ENSMUSG00000030082   
Recql ENSMUSG00000030243   
Tamm41 ENSMUSG00000030316   
Ctsc ENSMUSG00000030560   
Mfge8 ENSMUSG00000030605   
Mrpl46 ENSMUSG00000030612   
Cdipt ENSMUSG00000030682   
Mrpl48 ENSMUSG00000030706   
Lipt2 ENSMUSG00000030725   
Rps3 ENSMUSG00000030744   
Vkorc1 ENSMUSG00000030804   
Nomo1 ENSMUSG00000030835   
Fam24a ENSMUSG00000030859   
Tpp1 ENSMUSG00000030894   
Oat ENSMUSG00000030934   
1700080O16Rik ENSMUSG00000031118   
Timm17b ENSMUSG00000031158   
Ebp ENSMUSG00000031168   
Magt1 ENSMUSG00000031232   
Pdha1 ENSMUSG00000031299   
Rps4x ENSMUSG00000031320   
Nsdhl ENSMUSG00000031349   
Car5b ENSMUSG00000031373   
Asb9 ENSMUSG00000031384   
Ank1 ENSMUSG00000031543   
Adam5 ENSMUSG00000031554   
Asah1 ENSMUSG00000031591   
Gpt2 ENSMUSG00000031700   
Dhodh ENSMUSG00000031730   
Ap1g1 ENSMUSG00000031731   
Cyb5b ENSMUSG00000031924   
Ldhd ENSMUSG00000031958   
Glb1l3 ENSMUSG00000031966   
Afg3l1 ENSMUSG00000031967   
Abhd12 ENSMUSG00000032046   
Rdx ENSMUSG00000032050   
Arcn1 ENSMUSG00000032096   
Nlrx1 ENSMUSG00000032109   
Trappc4 ENSMUSG00000032112   
Stt3a ENSMUSG00000032116   
Tmed3 ENSMUSG00000032353   
Rpl4 ENSMUSG00000032399   
Stt3b ENSMUSG00000032437   
Trim42 ENSMUSG00000032451   
Copb2 ENSMUSG00000032458   
Ltf ENSMUSG00000032496   
Ttc21a ENSMUSG00000032514   
Rpsa ENSMUSG00000032518   
Pccb ENSMUSG00000032527   
Srprb ENSMUSG00000032553   
Trf ENSMUSG00000032554   
Dnajc13 ENSMUSG00000032560   
Manf ENSMUSG00000032575   
Amt ENSMUSG00000032607   
508 
Ilvbl ENSMUSG00000032763   
Cdc14b ENSMUSG00000033102   
Mgll ENSMUSG00000033174   
Tmed7 ENSMUSG00000033184   
Gstt2 ENSMUSG00000033318   
Tpsb2 ENSMUSG00000033825   
Fgb ENSMUSG00000033831   
Gm884 ENSMUSG00000034239   
Cops8 ENSMUSG00000034432   
Atp5h ENSMUSG00000034566   
Grn ENSMUSG00000034708   
Mrps10 ENSMUSG00000034729   
Rab24 ENSMUSG00000034789   
G6pc3 ENSMUSG00000034793   
Myl12b ENSMUSG00000034868   
Dpp4 ENSMUSG00000035000   
Nubpl ENSMUSG00000035142   
Ap2b1 ENSMUSG00000035152   
Lars2 ENSMUSG00000035202   
Wdr38 ENSMUSG00000035295   
Ptplb ENSMUSG00000035376   
Myo1d ENSMUSG00000035441   
Slc25a21 ENSMUSG00000035472   
Ndufa3 ENSMUSG00000035674   
Mrps2 ENSMUSG00000035772   
Nme5 ENSMUSG00000035984   
Acaa1a ENSMUSG00000036138   
Glb1l2 ENSMUSG00000036395   
4930544G11Rik ENSMUSG00000036463   
Phpt1 ENSMUSG00000036504   
1700011E24Rik ENSMUSG00000036557   
Cox6b1 ENSMUSG00000036751   
Decr2 ENSMUSG00000036775   
Mrpl41 ENSMUSG00000036850   
Mrpl55 ENSMUSG00000036860   
4930549C01Rik ENSMUSG00000036921   
Tfb1m ENSMUSG00000036983   
Clic4 ENSMUSG00000037242   
Banf2 ENSMUSG00000037307   
Rps16 ENSMUSG00000037563   
Tmem33 ENSMUSG00000037720   
Eef1a1 ENSMUSG00000037742   
Mrpl23 ENSMUSG00000037772   
Bri3bp ENSMUSG00000037905   
1110007C09Rik ENSMUSG00000037960   
Dnahc10 ENSMUSG00000038011   
Cct8l1 ENSMUSG00000038044   
Atp13a4 ENSMUSG00000038094   
4933403F05Rik ENSMUSG00000038121   
Higd1a ENSMUSG00000038412   
Armc10 ENSMUSG00000038525   
Atp5j2 ENSMUSG00000038690   
Nup205 ENSMUSG00000038759   
Pdk2 ENSMUSG00000038967   
Txndc5 ENSMUSG00000038991   
509 
Pgcp ENSMUSG00000039007   
Tasp1 ENSMUSG00000039033   
Isg20 ENSMUSG00000039236   
Lyplal1 ENSMUSG00000039246   
BC017643 ENSMUSG00000039294   
Ccdc81 ENSMUSG00000039391   
Ttc18 ENSMUSG00000039543   
Mrpl12 ENSMUSG00000039640   
Ppapdc2 ENSMUSG00000040105   
Scamp2 ENSMUSG00000040188   
Cuzd1 ENSMUSG00000040205   
Ccbl2 ENSMUSG00000040213   
Btbd16 ENSMUSG00000040298   
1700019B03Rik ENSMUSG00000040340   
Lrrd1 ENSMUSG00000040367   
Abhd11 ENSMUSG00000040532   
Ranbp17 ENSMUSG00000040594   
Pck2 ENSMUSG00000040618   
Mthfd1l ENSMUSG00000040675   
Rsph6a ENSMUSG00000040866   
Iqcf4 ENSMUSG00000041009   
Pcca ENSMUSG00000041650   
Cox6a1 ENSMUSG00000041697   
Lman1 ENSMUSG00000041891   
Pigs ENSMUSG00000041958   
Myo3b ENSMUSG00000042064   
Slc35f2 ENSMUSG00000042195   
Zp3r ENSMUSG00000042554   
Dhrs7b ENSMUSG00000042569   
Mcts2 ENSMUSG00000042814   
1700110M21Rik ENSMUSG00000042888   
Wdr63 ENSMUSG00000043020   
Dpy19l1 ENSMUSG00000043067   
Hpdl ENSMUSG00000043155   
Zmpste24 ENSMUSG00000043207   
4930412F15Rik ENSMUSG00000043633   
Ly6g5b ENSMUSG00000043807   
Krt84 ENSMUSG00000044294   
Acp1 ENSMUSG00000044573   
Ly6k ENSMUSG00000044678   
Uqcrq ENSMUSG00000044894   
1700024P04Rik ENSMUSG00000045022   
Rpl18a ENSMUSG00000045128   
Bola3 ENSMUSG00000045160   
Preb ENSMUSG00000045302   
Defb11 ENSMUSG00000045337   
Krt14 ENSMUSG00000045545   
BC049730 ENSMUSG00000045587   
Cd109 ENSMUSG00000046186   
Lyrm4 ENSMUSG00000046573   
Mrps7 ENSMUSG00000046756   
1700001C19Rik ENSMUSG00000047150   
Ptgs1 ENSMUSG00000047250   
Prss45 ENSMUSG00000047257   
Antxrl ENSMUSG00000047441   
510 
Pdha2 ENSMUSG00000047674   
Rps8 ENSMUSG00000047675   
Arxes2 ENSMUSG00000048040   
Myof ENSMUSG00000048612   
4732456N10Rik ENSMUSG00000048699   
Tmem53 ENSMUSG00000048772   
Krt31 ENSMUSG00000048981   
BB014433 ENSMUSG00000049008   
Flg2 ENSMUSG00000049133   
Trappc1 ENSMUSG00000049299   
Cyp20a1 ENSMUSG00000049439   
Defb20 ENSMUSG00000049560   
Suox ENSMUSG00000049858   
Gm711 ENSMUSG00000049897   
H2afx ENSMUSG00000049932   
Fhl4 ENSMUSG00000050035   
Krt78 ENSMUSG00000050463   
BC048562 ENSMUSG00000050641   
Defb19 ENSMUSG00000050645   
Ptges ENSMUSG00000050737   
Spryd4 ENSMUSG00000051346   
Cbr1 ENSMUSG00000051483   
Pcbp1 ENSMUSG00000051695   
Cox6b2 ENSMUSG00000051811   
Dnahc3 ENSMUSG00000052273   
Spink2 ENSMUSG00000053030   
Aldh1a1 ENSMUSG00000053279   
Gm6792 ENSMUSG00000053367   
Nrd1 ENSMUSG00000053510   
Krt42 ENSMUSG00000053654   
Chchd3 ENSMUSG00000053768   
Slc25a40 ENSMUSG00000054099   
Krt15 ENSMUSG00000054146   
Mettl7a1 ENSMUSG00000054619   
Msra ENSMUSG00000054733   
Actn4 ENSMUSG00000054808   
Anxa13 ENSMUSG00000055114   
Tcp10b ENSMUSG00000055602   
Abhd16b ENSMUSG00000055882   
Ces1d ENSMUSG00000056973   
BC051142 ENSMUSG00000057246   
Gm6169 ENSMUSG00000057762   
Ces5a ENSMUSG00000058019   
Sdhc ENSMUSG00000058076   
Idi1 ENSMUSG00000058258   
Rpl30 ENSMUSG00000058600   
Gm4763 ENSMUSG00000058717   
Hist1h1b ENSMUSG00000058773   
Gm10053 ENSMUSG00000058927   
Rpl18 ENSMUSG00000059070   
Rpl11 ENSMUSG00000059291   
Uqcr10 ENSMUSG00000059534   
Hydin ENSMUSG00000059854   
Pyroxd2 ENSMUSG00000060224   
Gm1661 ENSMUSG00000060268   
511 
Bckdha ENSMUSG00000060376   
Mcpt4 ENSMUSG00000061068   
Krt79 ENSMUSG00000061397   
Suclg2 ENSMUSG00000061838   
Irgc1 ENSMUSG00000062028   
Adam1b ENSMUSG00000062438   
Tubb4a ENSMUSG00000062591   
Rpl7a ENSMUSG00000062647   
H2afb1 ENSMUSG00000062651   
Prss1 ENSMUSG00000062751   
Gm10123 ENSMUSG00000062933   
Gm9396 ENSMUSG00000063328   
Eno1 ENSMUSG00000063524   
Krt73 ENSMUSG00000063661   
Gpx1 ENSMUSG00000063856   
BC048507 ENSMUSG00000064063   
Hist2h2aa2 ENSMUSG00000064220   
mt-Nd1 ENSMUSG00000064341   
mt-Co1 ENSMUSG00000064351   
mt-Nd4 ENSMUSG00000064363   
mt-Nd5 ENSMUSG00000064367   
Spag8 ENSMUSG00000066196   
Actl11 ENSMUSG00000066368   
Rdh11 ENSMUSG00000066441   
Tspan6 ENSMUSG00000067377   
Gm4907 ENSMUSG00000068113   
Ndufaf2 ENSMUSG00000068184   
Actc1 ENSMUSG00000068614   
Sort1 ENSMUSG00000068747   
Rap1a ENSMUSG00000068798   
Dap3 ENSMUSG00000068921   
Hist1h2bp ENSMUSG00000069308   
Pex11c ENSMUSG00000069633   
Psmb3 ENSMUSG00000069744   
Ndufaf3 ENSMUSG00000070283   
1810027O10Rik ENSMUSG00000070394   
Wfdc10 ENSMUSG00000070529   
Wfdc16 ENSMUSG00000070530   
Wfdc6b ENSMUSG00000070531   
Rpl23 ENSMUSG00000071415   
Try10 ENSMUSG00000071521   
Wdr52 ENSMUSG00000071550   
Rnls ENSMUSG00000071573   
Tex13a ENSMUSG00000071686   
Gm10345 ENSMUSG00000071724   
Tuba1a ENSMUSG00000072235   
1810012P15Rik ENSMUSG00000072640   
Abcb5 ENSMUSG00000072791   
Mosc2 ENSMUSG00000073481   
Gm216 ENSMUSG00000073650   
Mlycd ENSMUSG00000074064   
S100a16 ENSMUSG00000074457   
Arfgef2 ENSMUSG00000074582   
Spint5 ENSMUSG00000074593   
1700034I23Rik ENSMUSG00000074619   
512 
Fsip2 ENSMUSG00000075249   
Ly6a ENSMUSG00000075602   
Oxct2b ENSMUSG00000076438   
Emc1 ENSMUSG00000078517   
Ube2d3 ENSMUSG00000078578   
Cyp4a12b ENSMUSG00000078597   
Lrrc37a ENSMUSG00000078632   
Vps25 ENSMUSG00000078656   
Eif5a ENSMUSG00000078812   
Dpm1 ENSMUSG00000078919   
C030006K11Rik ENSMUSG00000079002   
Kdelr2 ENSMUSG00000079111   
Arpc4 ENSMUSG00000079426   
Gm7073 ENSMUSG00000079583   
Gm595 ENSMUSG00000079606   
Tmlhe ENSMUSG00000079834   
Gm11273 ENSMUSG00000079941   
Galnt2 ENSMUSG00000089704   
Acad11 ENSMUSG00000090150   
2310050C09Rik ENSMUSG00000090314   
Samd15 ENSMUSG00000090812   
Myl6 ENSMUSG00000090841   
Rps13 ENSMUSG00000090862   
Col6a5 ENSMUSG00000091345   
Akd1 ENSMUSG00000091415   
Mpc1-ps ENSMUSG00000091498   




APPENDIX E  




Supplemental Figure 5.1 – IACUC Approval document for use of mice in the 
experiments described in Chapter 5. 
